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Produeeii  foi*  i^indittihlv  Sah^s 


IlKKK'STlIEYAY man\  Iciuliiij: railio 
inaiiiifai'tiirers  art*  ronvrrliiiji  tlu'ir 
new  ideas  in  eal»inel  st\  linj:  into  Itij:. 
selling.  ]»o|tnlar  priced  nierehandise! 
lU  usin;:  ri«di.  atlra«-tive  Bakelile 
Molded  for  eoin|dete  cabinets,  the> 
rea<lily  fulfill  even  their  most  ad¬ 
vanced  de^ijrns! 

Two  recent  models  are  diow  n  lier«‘. 
W  itii  liakelite  Molded.  ImuIi  tlie>e 
cabinets  are  pnolueed  in  a  minimum 
number  of  parts  for  sj»eed\  assembK 
and  e«>mpaet.  jointless  eonstruetion. 
The  interesting!;  curves  and  emb<»r>s- 
inj:s  are  completely  and  a«-curatelv 
f«>rnied  in  the  molding  operation. 

In  beauty  of  finish,  these  di>tinc- 
tive  cabinets  an^  as  modern  as  their 


Sibcricnc  o 
Uni, Id  I’'-'*" 


mechanical  d«>i^ns!  Ilakclilc  Mold¬ 
ed  p<»>M>->c>  iidicrciit  c«dor  that  can¬ 
not  ^\caroff:  and  acpiirc'  rii  h  final 
lu>trcfrom  the  mold.  It  i->  made  in 
urea.  c»*llulo>c-ac,-tatc.  plnoiolic  and 
pol\  >t>  rem*  I vpes  |»ro\  idinj:  full  >c- 
Ic  lion  of  cob»r.  tran'parcncv  and 
bm-lo.x'  in.-ulation. 

l  or  Noiir  own  dc'ij:ns.  j:«‘t  better 
>t\  linj:  liN  selectin':  from  more  than 
2.(IO(f  materials  available  at  dakelitr 
IMaj-ties  llead'piarters.  \Vril“  for  de  ¬ 
tailed  1’ortfolio  l.'k 


ri  ^  ev  ^ 
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RECENT  DEVELOPMENTS  IN  AIRCRAFT  RADIO .  10 

Reviewinq  the  achievements  in  one  of  the  busiest  years  of  aviation  radio 
development:  blind  landinq,  marker  beacons,  absolute  altitude  indica¬ 
tion.  u-h-i  services 

INITIAL  DRIFT  IN  PHOTOCELLS,  by  E.  D.  Wilson .  15 

Chanqe  of  seli-qeneratinq  cell  characteristics  with  time  ol  operation,  and 
methods  of  determininq  iatique  data 

CONCENTRIC  FOLDED  HORN  DESIGN,  by  A.  J.  Sanial .  16 

Reducinq  the  bulk  of  loudspeaker  horns  while  preservinq  the  desired  cut- 
oif  frequencies  and  enerqy  distribution 

DEFLECTION  CIRCUITS  IN  TELEVISION  RECEIVERS,  by  E.  W. 

Engstrom  and  R.  S.  Holmes .  19 

Desiqn  and  operation  of  scanninq-current  qenerators  lor  vertical  and  hori- 
xontal  deflection,  a  continuation  of  the  series  on  television  receiver  circuit 
problems 

PORTABLE  FREQUENCY  MONITORING  UNIT,  by  George  W. 

Curran .  22 

Equipment  useful  for  monitorinq  the  frequency  of  relay-broadcast  stations 
operatinq  in  the  1600-3000  kc  spectrum 

THE  ELECTONE.  AN  ELECTRONIC  PIANO,  by  Gordon  S.  Taylor  26 

A  description  of  an  electrostatically-coupled  amplifier  piano,  one  of  the 
most  promisinq  applications  of  electronics  in  music 

A  TRANSMISSION  LINE  CALCULATOR,  by  P.  H.  Smith .  29 

A  "cut-out"  calculator  for  determininq  impedance  and  attenuation,  in  terms 
of  the  lenqth  of  open-wire  transmission  lines 

INDUCTANCE  CHART  FOR  MULTILAYER  COILS,  by  J.  E. 

Maynard  .  33 

Simplified  coil  desiqn  based  on  universal  charts,  lor  reference  use 

DEPARTMENTS 

CROSSTALK  .  9 

REFERENCE  SHEET  .  33 

TUBES  AT  WORK  .  38 

ELECTRON  ART  .  44 

THE  INDUSTRY  IN  REVIEW .  53 

PATENTS  .  65 

INDEX  TO  ADVERTISERS .  68 


. 


IN  THIS  FREE 

ENGINEERING 
BULLETIN 


information  and  data  of  interest 
to  every  engineer  and  equipment  designer 


Here^8  u  brief  siiiiiiiiary  of  the  eoiiteutis: 

(1)  Full  details  about  the  roiistructiuii.  rharacteristirs.  and  speeifiealioiis  of  flexible 
Shafts  specially  developed  by  S.  S.  WHITE  for  mechanical  remote  control  service. 

(2)  Examples  of  actual  applications  in  Radio.  Automotive.  Airplane.  Electrical. 
Machine  Tool  and  other  fields. 

(.^)  Explanation  of  how  to  select  the  proper  size  and  type  of  shaft  for  a  xiveii 
set  of  remote  control  conditions,  and  how  to  w'ork  out  its  application. 

(4)  Discussion  of  the  use  of  (trariiiK  in  conjunction  with  renif>le  control  shafts. 
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Eimac  IOOoC|HFG^6Vfreetube  hijving  wide 
application  i^eavy~^|||fy'comm^cial  trans¬ 
mitters.  Particul«ly  adaptable fc  r frequencies 

up  to  100  me.  latrenj^ly  low  ir  terelectrode 

I"  i  .  / 

capacity . . .  higj^ectcKSffJklency  ...  1 000 

'  'rJ 

watts  plate  dissipation  ♦  .1  forced  air  cooled. 


EITEL-McCULLOUGHJnc 


SAN  BRUNO,  CALIFORNIA 


never  to  fail — as  a  result 
of  gas  released  internally 

rhe  use  of  specially  treated  tantalum  for 
grids  and  plates — long  severe  exhaust — 
complete  elimination  of  ’’getter”  and  the 
development  of  a  new  type  thoriated 
tungsten  filament  makes  Eimac  tubes  prac¬ 
tically  failure  proof.  The  source  of  pre¬ 
mature  failure — GAS — has  been  removed 
by  an  exclusive  process.  Eimac  tubes  pro¬ 
vide  an  extra  degree  of  safety — stand 
accidental  or  intentional  overloads  of 
40()%  to  600%  without  damage.  Results 
speak  for  themselves.  Everywhere — in 
every  kind  of  application — Eimac  tubes 
cablishing  astounding  records  for 
ndability.  See  your  dealer  or  write. 


n  m  cot'' 
cVeV^  Vt 

\i,t\tc 


6.  A<lh»*n-nt  carbon  cnatinffs.  which  dissipate 
excessive  heat  from  the  plate,  can  be  de- 
posittsl  uniformly  on  the  Nickel  without  em¬ 
brittling  it. 

7.  Hiirh  stiffness  and  dami)in(r  rapacity  to 
minimize  vibration  of  parts  and  resulting 
micro|)honic  noise. 

8.  Special  Nickel  alloys  provide  vacuum  tiKht 
metal  to  rIuss  seals,  and  meet  other  special 
reriuirements. 

9.  Available  in  a  wide  ranRe  of  forms,  sizes 
an<i  tempers. 

10.  Uniformity  from  lot  to  lot.  which  increases 
the  yield  and  lowers  production  costs. 


In  producing  radio  tubes  NICKEL  delivers: 

1.  Forming  and  welding  qualities  adapted  to 
mass  production  of  precision  parts. 

2.  Ruggedness  to  keep  that  precision  during  as¬ 
sembly  and  in  service. 

3.  Immunity  to  rusting  from  handling  and 
cleaning  parts  during  assembly. 

4.  Low  gas  content  to  simplify  evacuation  of 
tubes,  and  also  freedom  from  distortion  at  the 
high  temperatures  used  in  the  process. 

6.  Compatability  with  the  electron  emissive 
coatings  required  for  cathodes. 
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ZERO  LOSS 

NO  CHANGE  WITH  TEMPERATURE 
MINIMUM  SPACE  REQUIREMENT 
PUNCTURE-PROOF 


#  Filling  a  need  loii^  unanswered  in  radio  trans¬ 
mission,  this  l>ap|>  ;u:as-fine<i  condenser  is  a  unit 
desi^ne<l  alon^  entirely  new  ineehanieal  prin¬ 
ciples,  which  provith‘s  a  new  decree  <»f  operating 
soeiirily.  Ki^id  ineehanieal  construction,  heavy 
plates,  self-sealing  gaskets  make  it  a  truly 
troiihle-free  unit.  It  provides  maximum  capa¬ 
city  for  given  external  dimensions.  A  wide  range 
of  sizes  proviiles  a  unit  for  almost  every  applica¬ 
tion  in  your  transmitter — there  are  .54  models, 
including  .4  ty|H‘s,  fixed,  adjustable  and  variable, 
for  .3  voltage  ratings  and  capacitance  ratings  KM) 
to  2(M)0  mmf.  Prices  range  from  $IM)  to  .¥.5(M). 
(Complete  descriptive  ilata  is  yours  for  the  ask¬ 
ing.  Send  the  eou|M>n! 


u 


>'s. . 
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By  LAPP 


SOUND  MECHANICAL  CONSTRUCTION 

Ulinp  QAKir^F  OF  SI7FC 


MANUFACTURING  CORPORATION 

2335  WEST  VAN  BUREN  STREET.  CHICAGO,  ILLINOIS 

SUBSIDIARY  OF  UNITED  CAR«  FASTENER  CORPORATION  CAMBRIDGE.  MASS 


BECAUSE  WE  VALUE 
HIS  TIME  . . . 


or  U  rrjmoun,, 

*Ps 

in,  ^  Au/o  r  ^  Cove 

Q  Auto 

OCab?eC;®"V4r 
P  Spacer 

r 

I^ype  OMebl?- 

5  P  Spring  ®^®ners 


Because  often  it  developed  upon  inquiry 
that  we  had  in  stock  "just  the  thing”  for  the 
new  model — saving  money,  time  in  the  de¬ 
signing,  and  tedious  labor  in  the  execution 
— and  because  now  more  than  ever  with 
over  6000  parts  to  choose  from  we  can  serve 
the  wide  and  varied  needs  of  the  industry. 


The  long  experience  and  skill  that  goes  into  the 
making  of  Cinch  parts  for  needs  of  the  industry, 
insure  satisfactory  performance.  The  little  time 
spent  in  letting  us  know  your  requirements  may 
prove  a  great  saving  in  time  and  money. 


h  and  Oak  Radio  Socket*  are  licenced 
under  //.  //.  Khy  socket  patents 
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ANOTHER  CUT  IN 
TUBE  HOUR  COSTS 


! 


. . .  with  NEW 

Western  Electric  342A  and  343A 

^I^HK  iu*w  Klrrlrir  anil  313  V  \\ 

A-  vacuum  tubes  arc  cu<;iiiccrc<l  tu  };ivc  you  iiiaxiiiiiim 
pcrforiiiauce  within  the  ratings  of  tiu;  com|>oncnt  |>arts  of 
W  estern  Eh‘ctri<*  transmitters. 

Increased  filament  sizes — to  allow  for  a  •;reat»-r  amount 
of  tuiifisteii  evaporation  —  call  f«»r  added  filament  heating 
power  of  from  11  to  10  per  cent,  "rhoujih  >our  p«»wer  eo7.ts 
iiiaN  hei'lO  to  per  socket  hijrher.  vour  annual  tube  hour 
costs  should  he  ST.">  to  ?100  Itm  vr! 

In\est  in  these  new  Western  Kleetrie  tubes  —  spend  a 
small  amount  extra  for  pow*-r — sure  three  to  ten  times  \>nir 
extni  poner  cost!  And  cut  \our  time  off-the-air,  too! 

Features  in  these  New  Standard  designs: 

1.  Molded  iflass  eoiislriielioii 
12.  F«'wer  and  cleaner  metal  parts 

3.  New  radiant  ener{;>  shields 

4:  Improved  ^rid  eonstriietion  and  <'liaraeteristies 

f).  ('.op|N‘r>t<»-^lass  seals  tliroii^lioiit 

(t.  H«‘tter  iM^rformanee  with  f<*wer  oiita^«‘s 

4.  I^ir^ier  lilam<*iits  with  fewer  supporting  insulators 


Distrihutrd  hy 

(Fruyhar  Electric  < !o.,  <>ruvhur  Hltl^.,  New  A'ork. 
In  ('ainula  ant!  .\eir/oiim//(im/:  Northern  Kleetrie  Ko..  I.td. 
In  other  countries:  liiternatitinal  Standard  Kleetrie  <]orp. 


NEW  342A 

— ilerelttftetl  fntm  the 
2:i2  t  tube  of  1927 


NEW  343A 

— tlereloped  from  the 
220n  tube  ttf  1923 


Western  Electric 


EiLECTRONIC  EQUIPMENT 
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P.  R.  MALLORY  &  Ca  Inc. 


Aiitoiiiatie 

anil  reiiitite  etiiitrol 


P.  R.  MALLORY  a  CQ.  Inc. 


A 

Coppor  Siilpliide 

RECTIFIERS 

These  .Mallory  ("op|H*r  Siilphiiie  Kectifiers. 

es|>e<*ially  <le»ipiie«l  for  remote  eonlr<»l  ami 
automatic  tuning,  are  extremely  eompaet  in 
eonstruetion  and  have  proven  their  dependa- 
hility  in  many  thousands  of  radio  receivers. 
They  are  low  voltage,  hifih  current  devices.  As 
mneh  as  sixteen  times  the  eontinnons  duty 
rating  can  he  drawn  from  the  reetilier  for  short 
intervals  of  time,  such  as  in  the  intermittent 
o|K‘ration  of  push  button  applications. 

These  rectifiers  ineor|M>rate  all  of  the  desirable 
eharaeteristies ofot  her  .Mallory  (  '.opper  Sulphide 
Keetifiers  used  in  Motion  Picture  Projector  Are, 
Kleetroplatini!,  Railway  (^ar  Battery  ('harriers. 
Industrial  Truck  (.harpers. 

Series  “K"  reetiliers  carry  a  maximum  eontinn¬ 
ons  ratinp  of  .TiS  amperes  DC  and  niaximnm 
intermittent  ratinp  of  6  amperes  D('  with  a 
limitinp  operatinp  temperature  of  1.10°  ('.  Series 
‘*L'’  rectifiers  carry  niaximnm  (>ontinnons  rat¬ 
ing  of  lanifiere  IX'and  maximum  intermittent 
ratinp  of  16  am|K*res  DC  w  ith  a  limiting  o|>erat- 
ing  tem|)erature  of  130°  C. 

Both  series  of  rectifiers  are  available  in  assem¬ 
blies  of  as  many  as  80  junctions  to  fit  most  any 
ty|>e  of  circuit.  For  all  applications  other  than 
vibrating  devices,  a  full-wave  bridge  rectifier 
is  preferred.  The  DC  output  voltage  is  approxi¬ 
mately  1.5  volts  per  junction  per  leg  of  bridge. 
Naturally,  the  fewer  the  number  of  rectifying 
junctions,  the  lower  the  DC  voltage  and  the 
cheaper  the  price. 

As  an  adjunct  to  these  rectifiers  for  automatic 
tuning  and  remote  control  ratlio  applications, 
a  small,  low  cost  thermal  circuit  breaker  has 
been  develo|)e<l  to  break  the  circuit,  thereby 
eliminating  fuses  and  fuse  replacement.  Should 
the  rectifier  he  overloa«le<l,  it  is  automatically 
protected  and  ready  for  service  when  the  over¬ 
load  has  been  correctetl. 

\(’e  invite  you  to  consult  .Mallory  engineers  on 
your  rectifier  problems. 

I*.  R.  M  ALLORY  &  CO.,  INC...  IMU  \ N  A I'OI.IS,  IM)|\N  A 
('.abir  AclHrwt*  — I*KL!V1  \L1,0 


Thermal 

Circuit 

Breoker 


Series 


Series 
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ELECTRONICS 


J  \.M  AKV 
1 


Crosstalk 


ICS 


►  AVIATION  .  .  .  Since  Don  Fink  has 
been  acting  as  Radio  Kditor  of  Avia¬ 
tion,  a  Medraw  Hill  publication,  mighty 
little  on  aircraft  radio  seems  to  have 
jTot  its  way  into  h'lvctronicn.  As  retribu¬ 
tion,  therefore,  he  has  prepared  a  jro(Ml 
summary  of  what  has  happened  re¬ 
cently  in  this  extension  of  communica¬ 
tion  sans  wires.  It  is  the  lead  article  in 
this  issue.  It  is  interestinj:  to  note  that 
the  highest  radio  freijuency  in  use  is 
employed  in  the  Bell  Laboratories  ter¬ 
rain  indicator. 

.Another  sister  publication,  Unninvss 
UVcA’,  has  made  use  of  Mr.  Fink’s  tech¬ 
nical  knowledge.  The  December  issue 
of  this  weekly  contains  another  of  its 
exhaustive  “reports  to  business  execu¬ 
tives,”  this  time  on  television.  The 
editorial  staff  of  Hnniness  called 

upon  the  manaKinj;  editor  of  Kiectronics 
for  advice,  as  well  as  for  a  certain 
amount  of  typewriter  pounding.  If  you 
want  to  know  the  present  status  of  tele¬ 
vision  see  liunint'sn  U’ccA',  December  .‘H. 

►  VISITORS  .  .  .  During  the  month,  the 
editors  entertained  Mr.  Sajrall  of  Scoph- 
ony,  London,  who  was  in  this  country 
soundin>r  out  the  interest  in  lartre  size 
television  images.  .  .  ,  M.  .Allx'rt  Kauf¬ 
man,  Ferrolyte,  Paris,  entertained  us 
with  his  de.scription  of  how'  fa.st  the 
jjirls  at  Camden  make  radio  sets  com¬ 
pared  to  his  hiffh  speed  workers  in 
France.  He  has  one  of  the  best  looking 
cataloprs  of  radio  parts  we  have  seen, 
illustrated  with  his  own  photos — a  w'ork 
that  would  do  credit  to  any  American 
catalog.  ,  .  .  One  Dr.  Ing.  So-and-.so  of 
Berlin  came  in.  Grandfather  Jewish  and 
murdered;  wife  and  children  God  know’s 
where  in  Germany,  himself  sleeping  in 
Grand  Central  Station,  without  food. 


Well  educaU‘d,  an  engineer,  an  editor, 
eyeglas.ses  pawned,  underclothes  thrown 
away  after  one  night  in  a  Hop  hou.se — 
he  is  hoping  for  something  to  do.  .  .  . 
Radio  Gramaphone,  Birmingham,  writes 
that  our  November  criticism  of  the  Eng¬ 
lish  sets  with  their  push  buttons  of  poor 
mechanical  design,  gripes  them  a  bit. 
“.All  the  push  button  switches  used  in 
this  country  are  as.sembled  from  parts 
imported  from  the  U.S..A.” 

►  HOBBIES  .  .  .  Dr.  C.  G.  Suits  of 
the  General  Electric  research  laboratory 
recently  conducted  a  survey  among  G.E. 
engineers  to  determine  their  hobbies. 
.Most  interesting  have  been  the  results, 
as  published  in  the  G.E.  Revieiv,  No¬ 
vember.  It  .seems  that  the  most  de¬ 
serted  hobby  is  radio;  13  out  of  <)0  re¬ 
plies  indicating  that  radio,  once  a  hobby, 
had  been  dropped,  largely  through  loss 
of  interest  in  building  receivers.  On 
the  other  hand,  photography  was  indi¬ 
cated  by  over  half  the  replies  as  being 
an  outstanding  interest,  many  doing 
their  own  processing. 

Knowing  of  the  increasing  interest  in 
photography,  already  at  high  water 
mark  among  radio  engineers,  leads  the 
editors  to  wonder  if  a  department  on 
this  subject  should  be  added  to  Elec¬ 
tronics.  It  might  be  difficult  to  justify, 
although  everything  is  electronic  if  you 
don’t  care  how  far  back  you  go  into 
the  ultimate  constitution  of  things. 

►  WQXR  R.ADIO  .  .  .  For  many  months 
many  New  York  City  listeners  have 
tuned  their  radios  to  WQXR,  1550  kc, 
and  have  let  ’em  ride  all  evening,  listen¬ 
ing  to  recordings  of  the  world’s  best 
music.  Now  the  staff  of  this  station. 


working  under  the  direction  of  J.  L. 
Hogan  and  Raymond  Wilmotte,  have 
designed  a  high  fidelity  receiver  to  be 
built  and  distributed  by  Ansley  Radio 
Corp.  There  will  be  no  short  wave 
bands,  no  gadgets,  no  table  models.  It 
is  designed  for  sound;  it  will  respond 
equally  to  frequencies  between  60  and 
7500  cps,  but  total  range  is  'said  to  be 
from  20  to  16,000  cps.  Other  technical 
data:  uniform  response  to  all  fre¬ 
quencies  over  an  angle  of  150  deg.  in 
front  of  speaker;  operates  from  a.c.  or 
d.c.;  11  tubes;  12  in.  speaker.  Pur¬ 
chasers  are  given  one  year  free  service 
and  guarantee  on  all  parts  except  tubes 
for  6  months.  We  hope  they  have  fig¬ 
ured  their  costs  correctly  because  the 
list  price  is  remarkably  low. 

It  is  reported,  furthermore,  that  L. 
G.  Pacent  is  developing  a  high  fidelity 
receiver  for  the  metropolitan  market. 
.Ansley,  by  the  way,  is  building  several 
beautiful  models  of  radio  receivers,  as 
well  as  electronic  musical  in.struments. 

►  GOOD  WILL  .  .  .  Western  Electric 
plants  at  Kearney,  N.  J.  and  Point 
Breeze  (Baltimore)  played  open  house 
recently.  Nearly  100,000  members  of 
the  families  and  friends  of  employees  of 
WE  saw  where  telephone  cable,  switch¬ 
boards,  vacuum  tubes,  broadcasting 
equipment,  hearing  aids  etc.,  were  made 
— and  better,  where  their  friends  and 
relatives  worked. 

“Western”  has  recently  issued  the 
first  booklet  about  itself  written  in  pop¬ 
ular  style.  It  is  the  “Story  of  Western 
Electric,  Service  of  Supply  for  the  Bell 
System.”  At  present  writing  the  Bell 
System  employs  about  a  quarter  of  a 
million  people  handling  85  million  tele¬ 
phone  conversations  each  day. 


Aircraft  Radio,  1939 


Aviation  radio  engineers,  seeking  more  dependable  radio  aids,  have  applied  ultrahigli 
frequencies  to  the  problems  of  altimetering,  course  finding  ami  course  marking,  blind 
landing  and  traffic  control.  These  achievements  are  reviewed  herewith 
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The  past  year  has  ^een  more  in¬ 
tensive  development  of  aircraft 
radio  services  than  any  period  of 
equal  length  in  the  history  of  avia¬ 
tion.  Since  our  last  report  on  the 
state  of  the  art  (Electronics,  Feb¬ 
ruary  1938,  page  20)  hardly  a  month 
has  passed  without  an  announcement 
of  major  importance  by  the  airlines, 
by  commercial  organizations,  or  by 
engineers  of  the  government  service. 

One  of  them,  the  absolute  altimeter 
developed  jointly  by  United  Airlines 
and  the  Bell  Laboratories,  was  fea¬ 
tured  on  the  front  page  of  the  Neiv 
York  Times  and  hailed  as  one  of  the 
most  important  aids  to  safety  in  the 
air  ever  developed.  The  technical 
significance  of  the  altimeter  is  no  less 
important,  for  it  marks  the  use  of  the 
highest  frequency  yet  applied  to  regu¬ 
lar  service,  500  Me. 

Another  an¬ 
nouncement,  this 
time  by  the  staff  of 
M.I.T.,  disclosed  the  ^ 

development  of  a  <  ^ _ 

blind  landing  sys- 
tern  employing  fre-  J\  I 

quencies  in  the  hun-  /  V 

dreds  of  megacy-  /  \  Receiving 

cles,  using  “horn"  I  ^  dipole  __ 
radiators  of  the  /  \ 

wave-guide  type  to 
establish  the  land-  ^ 

ing  beam.  A  cath-  \ 

ode  ray  tube  is  used  ^ 

as  the  indicator  in  \ 

this  system.  The  _  U 

engineering  divi- 
sion  of  the  Civil  Frsqudncy-modul 

Aeronautics  Au-  Bolute  oititi 

thority  (successors 
to  the  Bureau  of 
Air  Commerce)  has  been  developing 
course  markers  and  airport  boundary 
markers  operating  at  75  Me,  and  traf¬ 
fic  control  and  radio  range  beams  at 
125  Me.  The  same  engineers  have 
built  a  superheterodyne  with  5  micro¬ 
volt  sensitivity  and  a  continuous  tun¬ 
ing  range  from  60  to  132  Me.  The 


"Indent  finger"  direction  finder.  The  pointer  indicates  the  direction  of 
the  received  station,  continuously  and  automatically 


I  ^  49Smc 
I  \  Rect 

I 

Transmit-  \ 
ting  dipole  ^ 

490  me  \ 
wave  t  \ 

..  \ 


. —  -rtJTrSr-... . 

Frequency-modulation  system  of  ab¬ 
solute  altitude  indication 


Sperry  Company 
and  the  RCA  Man- 
/  ufacturing  Com- 

/  /  pany  jointly  an- 

/  ^  nounced  a  radio  di- 

r  /  /  rection  finder,  oper- 

-J  ^490mc  ating  on  the  350- 

l^and49Smc  45Q  beacon  band, 

.  waves  re- 

/  ceived simul-  which  is  Completely 

^  taneousiy  automatic  in  opera- 

r  tion,  pointing  to¬ 

ward  the  station  be¬ 
ing  received  with- 
/S  out  any  attention 

—  from  the  pilot, 

on  system  of  ab-  These  applications 

I  indication  cannot  fail  to  claim 

the  attention  of  all 
engineers  interest¬ 
ed  in  radio,  whether  they  have  ever 
flown  in  an  airplane  or  not.  Accord¬ 
ingly  the  editors  prepared  this  report 
of  some  of  the  technical  background 
of  recent  developments. 

Since  flying  began,  pilots  have  had 
but  one  quantitative  indication  of 
their  height  above  ground,  that  is 


barometric  pressure.  Barometric 
pressure  serves  to  indicate  height 
above  sea  level,  and  is  subject  to  vari¬ 
ations  with  the  weather.  Consequently 
it  is  neces.sary  to  inform  the  pilot  of 
changes  in  barometric  pressure  aris¬ 
ing  from  the  latter  cau.se  (  one  of  the 
principal  uses  of  radio  communica¬ 
tion)  and  in  addition  the  pilot  must 
know  how  far  above  sea  level  the 
ground  under  him  hapi»ens  to  extend. 
If  the  pilot  is  lost  under  conditions 
of  poor  visibility,  therefore,  he  may 
easily  fly  into  the  side  of  a  mountain, 
w’ith  his  altimeter  indicating  a  safe 
altitude  in  terms  of  height  above  sea 
level.  The  moral  is,  don’t  get  lost. 

An  altimeter  was  obviously  re¬ 
quired  to  indicate  height  above  the 
ground.  Such  an  altimeter  (called 
“terrain  clearance  indicator”)  came 
into  being  at  the  hands  of  the  engi¬ 
neers  of  the  United  Airlines  and  the 
Bell  Telephone  Laboratories,  and  was 
demonstrated  for  the  first  time  in 
October.  The  demonstration  plane 
was  fitted  with  two  tiny  dipole  an- 


tenmu<,  one  for  reception  and  the 
other  for  transmission,  mounted  un¬ 
der  either  wing.  The  transmitting 
dipole  (about  12  inches  long  and  sep¬ 
arated  6  inches  from  the  metal  sur¬ 
face  of  the  wing)  is  fed  with  about 
5  watts  at  500  Me.  The  wave,  di¬ 
rected  to  the  ground,  is  reflected 
therefrom  and  received  by  the  re¬ 
ceiving  dipole.  At  the  same  time  the 
receiving  dipole  receive.s  some  energy 
directly  from  the  transmitting  dipole 
opposite.  Thus  the  receiving  antenna 
intercepts  two  signals,  one  an  “under¬ 
wing”  signal,  the  other  a  “reflected” 
signal.  If  the  two  signals  can  be 
caused  to  interfere  with  each  other, 
the  interference  may  be  used  to  indi¬ 
cate  the  time  of  reflection,  between 
transmission  and  reception.  This 
time,  multiplied  by  the  velocity  of  the 
wave,  gives  the  distance  of  reflection. 


nals  differing  in  frequency,  the  un¬ 
derwing  signal  having  a  fre(iuency 
equal  to  that  sent  out  at  the  instant 
under  consideration,  while  the 
ground-reflected  wave  has  a  fre¬ 
quency  equal  to  that  sent  out  when 
the  reflected  wave  left  the  transmit¬ 
ter.  The  frecjuency  difference  be¬ 
tween  these  two  waves  is,  then,  pro¬ 
portional  to  the  reflection  time,  which 
in  turn  is  proportional  to  the  reflec¬ 
tion  distance.  The  two  signals  are 
amplified,  and  passed  through  a  de¬ 
tector,  in  the  output  of  which  ap¬ 
pears  a  frequency  equal  to  the  fre- 
(juency  difference.  This  output  signal 
is  measured  on  a  direct-reading  fre- 
(luency  meter  whose  dial  is  calibrated 
directly  in  feet.  The  accompanying 
illustration  indicates  the  situation 
when  the  reflected  wave  has  the  fre- 
(piency  of  490  Me.  and  arrives  at  the 


receiver  by  the  time  the  frequency  of 
the  underwing  signal  has  shifted  to 
495  Me,  which  is  transmitted  directly 
under  the  wing.  The  difference,  5 
Me,  is  proportional  to  the  altitude. 

In  practice  the  altimeter  will  indi¬ 
cate  heights  from  a  minimum  of  20 
feet  to  a  maximum  of  about  4000 
feet,  the  latter  limit  being  deter¬ 
mined  by  the  available  transmitter 
power.  The  dynamic  response  of  the 
indicator  is  very  rapid.  In  the  dem¬ 
onstration  when  the  plane  passed 
over  the  George  Washington  Bridge, 
proceeding  north  along  the  Hudson 
River,  the  indicator  jumped  down 
(indicating  lower  terrain  clearance) 
momentarily  while  passing  over  the 
bridge. 

The  utilization  of  the  ultra  high 
frequency  of  500  Me  is  based  on 
three  important  factors:  the  high  de¬ 
gree  of  directivity  obtainable  with 
simple  antenna  structures;  the  high 
degree  of  reflection  from  any  solid 
or  liquid  surface,  regardless  of  elec¬ 
trical  characteristics;  and  the  large 
changes  in  absolute  frequency  which 
may  be  obtained  from  small  percent¬ 
age  changes  in  the  frequency-deter¬ 
mining  source, 

.4  Sfation-Seekitig  Radio  Direction 
Finder 

Loop  direction-finders  for  aircraft 
have  been  in  vogue  for  several  years 
I  they  are  required  equipment  on  air¬ 
line  ships),  but  they  reached  the  peak 
of  effectiveness  only  recently,  when 
they  were  made  completely  automatic 
by  engineers  of  the  Sperry  Gyro¬ 
scope  Company,  working  with  a  com¬ 
pass  especially  designed  for  the  pur¬ 
pose  by  the  RCA  Manufacturing 
Co.  The  visual-indicator  compass  we 


Traffic  control.  An  intide  Tiew  of  the  control  tower  at  Newark  Airport. 
The  operator  controls  the  flying  ond  landing  of  all  planes  in  the  yicinity 


which  is  twice  the  altitude  of  the 
plane. 

To  date  no  definite  statement  of 
the  manner  of  causing  the  interfer¬ 
ence  between  the  reflected  and  under¬ 
wing  signals  has  been  made  by  the 
organizations  involved,  but  one  very 
plausible  explanation  is  jis  follows: 
the  transmitting  dipole  may  be  fed 
a  frequency  modulated  signal,  such 
that  the  increase  and  decrea.se  of  fre¬ 
quency  are  linear  with  resi)ect  to 
time.  Suppose  then  that  the  rate  of 
change  of  frequency  is  sufficiently 
rapid  that  It  can  change  its  value 
appreciably  within  the  time  of  reflec¬ 
tion  of  the  reflected  wave.  Then  the 
receiving  dipole  will  receive  two  sig- 


The  two  dials  show  the  altitude  Indications  of  a  barometer-type  meter 
(left)  and  u-h-f  reflection-type  indicator.  With  only  100  feet  actual 
clearance,  the  barometer  shows  800  feet  altitude  aboTe  sea  level 
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recall  (see  Electronics,  October  1935. 
page  6)  makes  use  of  two  antennas, 
a  loop  and  a  straight  wire.  The  volt¬ 
age  induced  in  the  loop  antenna  is 
amplified  and  mixed  in  a  balanced 
modulator  with  locallj’-generated  90- 
cycle  a.c.  The  output  of  the  modu¬ 
lator  contains  90-cycle  sidebands 
whose  phase  reverses  as  the  loop 
passes  through  the  null-point  (when 
the  plane  of  the  loop  and  the  plane  of 
the  wavefront  coincide).  The  modu¬ 
lator  output  is  mixed  with  the  signal 
received  from  the  straight  wire  an¬ 
tenna,  with  the  result  that  the  90- 
cycle  component  in  the  output  has  a 
polarity  dependent  on  the  direction 
of  the  loop  with  respect  to  the  incom¬ 
ing  wave.  If  the  loop  is  directly  on 
the  null,  no  90-cycle  component  is  re¬ 
ceived.  If  the  wave  comes  from  the 
right,  the  90-cycle  component  is  pres¬ 
ent  and  has  one  polarity.  If  the 
wave  comes  from  the  left,  the  com¬ 
ponent  is  present,  but  with  the  oppo¬ 
site  polarity. 

In  the  new  system,  the  90-cycle 
component  is  filtered  out  of  the  re¬ 
ceiver  output  and  is  applied  to  an 
electronic  control  circuit  which  drives 
a  reversible  motor.  The  motor  is 
geared  directly  to  the  shaft  of  the 
rotatable  loop.  The  phasing  of  the 
motor  connections  is  such  that  if  the 
signal  is  to  the  left,  the  motor  tends 
to  drive  the  loop  to  the  left ;  when 
the  signal  is  to  the  right,  the  motor 
reverses  and  drives  the  loop  to  the 
right.  The  motor  power  is  derived 
ultimately  from  the  90-cycle  compo¬ 
nent,  which  disappears  when  the  loop 
reaches  the  null  position.  Conse¬ 
quently  the  motor  tends  to  drive  the 
loop  in  the  direction  of  the  null  posi¬ 
tion.  Whereupon,  on  reaching  the 
null  position,  the  90-cycle  component 
disappears  and  the  motor  steps,  leav¬ 
ing  the  loop  on  the  null.  If  the 
plane  veers  from  its  course,  either  to 
the  left  or  the  right,  the  motor  again 
comes  into  play,  driving  the  loop  to 
the  null  position.  In  this  manner  the 
loop  is  always  constrained  to  take  a 
position  at  right  angles  to  the  direc¬ 
tion  from  which  the  signal  is  coming. 
A  pointer,  attached  to  the  loop  by  a 
flexible  shaft,  indicates  the  position 
of  the  loop  to  the  pilot,  who  is  thereby 
apprised  at  all  times  of  the  direction 
to  the  station  to  which  he  is  listening. 
He  tunes  in  a  station,  the  loop  and 
its  attached  pointer  immediately 
swing  in  the  direction  of  the  station, 
and  hold  that  position  regardless  of 
the  direction  of  flight  or  maneuvers 


The  ian-type  marker  beacon  at  Bowie,  Maryland,  which  sends  a 
"fan"  of  75  Me  signal  yertically  upward,  across  the  path  of  the 
low  frequency  radio  beam.  Below,  the  method  of  producing  in-phase 
currents  'n  four  half-wave  segments,  from  which  the  "fan"  is  radiated 


which  has  progressed  until  lately 
along  one  path.  That  path  was  orig¬ 
inally  surveyed  by  the  Bureau  of 
Standards,  who  devised  a  .system  of 
blind  landing  based  on  the  fact  that 
a  locus  of  constant  signal  strength 
may  be  .set  up  over  an  airjiort  by 
projecting  a  beam-like  signal  across 
the  landing  area.  Part  of  the  signal 
is  reflected  from  the  ground,  the  rest 
transmitted  directly.  The  wave-in¬ 
terference  between  the  *wo  compo¬ 
nents  is  such  as  to  produce  a  locus  of 
constant  signal  strength  which  ex¬ 
tends  from  a  height  of  a  few  thousand 
feet  downward  to  the  airport  sur¬ 
face.  To  use  this  locus  as  a  glide- 
path  for  landing,  it  is  only  neces¬ 
sary  to  provide  the  pilot  with  a 
receiver  of  constant  sensitivity,  to¬ 
gether  with  an  output  meter  which 
indicates  the  desired  signal  level  ex¬ 
isting  in  the  locus.  By  keeping  the 
indicator  at  one  level,  the  pilot  can 
follow  the  locus  of  constant  signal, 
and  thus  be  assured  of  maintaining 
the  proper  lo.ss  of  altitude.  The  di- 
The  landing  of  airplanes  by  in-  rectivity  in  the  horizontal  plane, 
struments  (blind  landing)  is  an  art  equally  essential,  is  provided  by  an 


of  the  plane.  The  Sperry  engineers 
who  designed  the  follow-up  circuit, 
have  carefully  removed  any  tendency 
to  hunt,  so  the  pointer  takes  up  the 
null  position  without  overshooting. 
There  are  two  nulls  in  the  loop  rota¬ 
tion,  of  cour.se,  but  only  one  of  these 
is  in  stable  equilibrium,  since  the 
loop  tends  to  move  away  from  the 
other.  Consequently  the  180°  ambi¬ 
guity  of  simple  loop  .systems  is 
avoided  and  the  pointer  is  fitted  with 
an  arrow  head  which  points  directly 
to  the  source  of  the  signal.  VV'hen 
the  plane  flies  directly  over  the  sta¬ 
tion  to  which  it  is  tuned,  the  pointer 
reverses  itself,  giving  a  definite  indi¬ 
cation  that  the  station  has  been 
pas.sed  and  thereby  fixing  the  posi¬ 
tion  of  the  plane.  The  device  re¬ 
quires  no  attention  from  the  pilot, 
except  tuning  and  an  occasional 
glance  at  the  pointer  to  note  the  di¬ 
rection  or  change  of  direction  of  the 
station. 

Blind  Landmg — A  Neiv  Approach 
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A-N  interlocked  signal  arranKement 
which  actuates  a  left-right  pointer 
associated  with  the  output  meter. 
Much  progrec-^s  has  been  made  with 
this  basic  system,  but  it  suffers  from 
several  drawbacks:  the  glide  path  is 
not  a  straight  line,  but  a  curve  which 
necessitates  either  a  change  in  glide 
angle,  or  a  change  in  speed,  as  the 
plane  nears  the  earth;  the  actual  po¬ 
sition  of  the  locus  depends  on  the 
conditions  of  the  airport  surface,  and 
can  be  seriously  altered  by  the  pres¬ 
ence  of  snow;  finally  the  apparent 
position  of  the  locus  dei)ends  on  the 
receiver  sensitivity  which  may 
change  without  the  pilot’s  knowledge. 

In  September,  members  of  the 
staffs  of  the  Electrical  Engineering 
and  Aeronautical  Engineering  De¬ 
partments  at  M.I.T.  released  informa¬ 
tion  on  a  blind  landing  system  which 
may  overcome  all  these  defects.  The 


system  is  still  under  development, 
and  has  not  yet  been  tested  under 
flight  conditions,  but  it  seems  to  have 
considerable  technical  merit.  The 
landing  path  is  produced  by  employ¬ 
ing  four  beams,  each  beam  being  in 
the  shape  of  a  thin,  wide  “pancake”. 
Two  such  pancake  beams  are  pro¬ 
duced  with  their  planes  nearly  hori¬ 
zontal  and  inclined  to  the  surface  of 
the  airport.  They  are  modulated  with 


differing  audio  fre<iuency  tones,  and 
are  detected  by  a  receiver  containing 
filters  which  separate  the  tones  and 
cau.se  them  to  actuate  signal  lights. 
The  two  beams  are  so  placed  that 
they  overlap  slightly.  If  both  signal 
lamps  light,  the  pilot  knows  he  is  in 
the  boundary  between  the  two  beams. 
If  the  upper  light  lights,  he  knows 
he  is  above  the  overlap  region;  if 
the  lower  light  lights,  he  is  below  it. 
The  pilot’s  task  is  to  keep  the  plane 
in  the  overlap  region  and  thereby 
to  follow  the  incline  of  the  overlap¬ 
ping  plane  to  the  airport  surface. 
The  path  he  takes  is  a  straight  line, 
since  the  region  of  overlap  is  a  flat 
plane. 

Similarly  two  j)ancake  beams  with 
their  planes  vertical  are  overlapped 
and  identified  by  different  audio 
tones  and  signal  lights.  The  inter¬ 
section  of  the  two  overlapping  re¬ 


gions  forms  a  glide  path,  in  the  form 
of  a  straight  line,  which  the  pilot  may 
follow  directly  to  the  airport  surface. 
The  four  signal  lights  show  him 
whether  he  is  above,  below,  to  the 
right  or  to  the  left  of  the  landing 
path. 

The  beams  are  formed  by  a  new’ 
technique,  discovered  independently 
by  Dr.  W.  L.  Barrow  of  M.I.T.  and 
Dr,  G.  C.  Southw’orth  of  the  Bell  Lab¬ 


oratories.  By  employing  very  short 
waves  (less  than  one  meter  in  length) 
it  is  po.ssible  to  project  beams  of  al¬ 
most  any  desired  shape  by  projecting 
them  from  the  mouths  of  horns  or 
“wave-guides”  in  much  the  same  man¬ 
ner  as  .sound  is  projected  from  horns, 
but  with  a  much  more  definitely  con¬ 
fined  beam.  By  employing  a  horn 
whose  width  is  great  compared  w’ith 
its  height,  a  beam  may  be  formed 
who.se  height  is  very  great  compared 
with  its  width  (one  of  the  vertical 
beams  referred  to  above ) ,  The  shai)e 
of  the  beams  depends  only  on  the 
shape  of  the  horn  structure  relative 
to  the  wavelength  employed,  and  is 
independent  of  conditions  on  the 
ground  surface.  Waves  of  frecpien- 
cies  from  200  to  600  Me  have  been 
e.xperimented  with  to  determine  the 
truth  of  the  theory  and  have  shown 
that  beams  of  the  required  shape  can 
be  produced  and  maintained.  Re¬ 
ceivers  for  the  hundred-megacycle 
waves  have  been  developed,  employing 
crystal-controlled  o.scillators  and 
wide  bandpass  i-f  circuits.  Receiver 
sensitivity  may  vary  without  affect¬ 
ing  the  indications,  so  long  as  any 
indication  whatever  is  given.  Nor  is 
the  value  of  receiver  sensitivity  nec¬ 
essarily  high,  since  the  beams  con- 
.serve  the  transmitter  power. 

The  manner  of  indicating  the  posi¬ 
tion  of  the  ship,  relative  to  the  land¬ 
ing  path,  has  received  a  great  deal 
of  consideration.  The  original  idea 
behind  the  development  arose  in  the 
mind  of  Irving  Metcalf  of  the  Bu¬ 
reau  of  Air  Commerce.  He  visualized 
three  transmitters,  one  at  the  surface 
of  the  airport,  two  suspended  on 
either  side  of  the  run-way,  and  all 
three  received  by  the  pilot  in  such 
a  way  that  he  could  “place”  the  posi¬ 
tion  of  each  transmitter  as  if  they 
were  three  beacon  lights  he  could  see. 
By  keeping  the  three  beacons  in  a 
straight  line,  the  center  one  midw’ay 
between  the  other  two,  the  pilot  was 
assured  of  being  on  a  straight  line 
landing  path  and  of  descending  at  the 
proper  angle  for  easy  landing. 

The  Metcalf  idea  has  been  applied 
by  setting  up  a  cathode-ray  tube  as 
the  indicator,  and  by  producing  three 
spots  on  its  screen  in  such  rapid  suc- 
ce.ssion  that  the  eye  appears  to  see 
them  all  at  once.  The  spots  are  formed 
by  commutating  voltages  applied  to 
the  deflecting  plates  and  control  grid 
of  the  tube.  The  center  spot  is  con¬ 
trolled  by  voltage  derived  from  the 
four  beams  previously  described.  It 


Concentric  tuned  circuit  employed  in  60-132  Me  receiver  designed 
by  engineers  oi  the  Civil  Aeronautics  Authority.  The  assembly  is 
eight  inches  long,  and  is  tuned  by  a  micrometer  screw 
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Block  diagram  of  the  Sperry.RCA  automatic  direction  finder.  By  coupling 
the  receiver  output  to  a  motor  which  rotates  the  loop,  the  null  position 
is  maintained  automatically 
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The  "three-light"  (Si,  S;,  S3)  system  ot  blind  landing,  originally  pro¬ 
posed  by  Metcali  of  the  CAA  and  developed  at  M.I.T.  The  three  spots 
are  indicated  on  the  surface  of  a  cathode  ray  tube 


takes  a  position  above,  below,  left  or 
right  of  center,  depending  on  whether 
the  plane  was  above,  below,  left  or 
right  of  the  glide  path. 

The  outer  two  spots  are  controlled 
by  voltage  obtained,  not  from  two 
other  transmitters,  but  from  naviga¬ 
tion  instruments  already  available  in 
the  plane,  the  gyroscope  compass  and 
the  gyroscope  artificial  horizon.  The 
connection  between  the  gyro  instru¬ 
ments  and  the  electrical  indicating 
circuits  is  made  by  mounting  a  volt¬ 
age  divider  within  the  case  of  each 
gyro.  The  divider  consists  of  a  re¬ 
sistance  wire  wound  on  a  curved  card, 
against  which  rides  a  fine  tungsten 
catswhisker  which  is  fastened  to  the 
gyro  element.  In  the  case  of  the  gyro 
compass,  a  direct  voltage  is  applied 
to  the  resistance  winding,  and  the 
portion  picked  off  by  the  catswhisker 
is  applied  to  control  the  horizontal 
deflection  of  the  indicator.  In  this 
way,  the  outer  two  spots  of  the  three 
spot  system  are  shifted  bodily  to  the 
left  or  right,  depending  on  the  motion 
of  the  gyro  compass  element.  In  the 
case  of  the  artificial  horizon,  an  alter¬ 
nating  voltage  is  applied  to  the  volt¬ 
age  divider,  and  this  alternating  volt¬ 
age  is  applied  through  the  commuta¬ 
tor  *to  the  vertical  deflection  plates. 
The  alternating  voltages  causes  the 
line  between  the  outer  two  spots  to 
incline  at  an  angle  corresponding  to 
the  angle  indicated  by  the  artificial 
horizon. 

The  indication  of  the  gyro  compass 
and  the  gyro  horizon  on  the  cathode- 
ray  screen  is  merely  a  convenience, 
since  the  gyro  instruments  are 
mounted  on  the  instrument  panel  of 


the  ship.  But  the  consolidation  of 
these  indications  is  very  important 
from  the  pilot’s  point  of  view,  .since 
he  is  thereby  required  to  watch  but 
one  indicator,  rather  than  three. 

In  making  a  landing,  using  the 
cathode  ray  indicator,  the  pilot  sees 
to  it  first  that  he  is  on  the  landing 
path,  as  indicated  by  the  position  of 
the  center  spot.  Then  he  maintains 
the  center  spot  centrally  between  the 
outer  two  spots,  indicating  the  proper 
direction  as  determined  by  the  gyro 
compass.  Finally  he  maintains  all 
three  spots  in  a  straight  level  line, 
thereby  assuring  himself  that  his 
wings  are  on  even  keel.  He  then  de¬ 
scends  at  landing  speed  until  his 
wheels  touch  the  surface  of  the  air¬ 
port. 

Civil  Aeronautics  Authority 
Engineering  Projects 

At  the  end  of  1937,  the  FCC  an¬ 
nounced  a  new  allocation  of  ultra- 
high  frequencies  in  which  was  in¬ 
cluded  several  new  assignments  for 
aircraft  use.  Among  the  most  im¬ 
portant  of  these  frequencies  are  those 
in  the  neighborhood  of  75  Me,  ap¬ 
plied  to  marker  beacons  along  the 
airways,  and  those  at  125  Me  (126.54 
to  131.84  Me),  reserved  for  airport 
traffic  control. 

One  of  the  problems  as.sociated 
with  the  development  of  these  serv¬ 
ices  is  the  design  of  a  suitable  high- 
sensitivity  receiver.  A  superhetero¬ 
dyne  receiver  with  a  continuous  tun¬ 
ing  range  from  60  to  132  Me,  with 
5.5  microvolt  sensitivity  and  with 
such  stability  that  it  holds  its  tun¬ 
ing  within  100  kc  in  100  Me,  has  been 


constructed  by  engineers  of  the  Civil 
Aeronautics  Authority.  The  tube 
line-up  is  a  954  acorn  tube  for  r.f., 
a  954  converter,  a  955  oscillator,  two 
6K7  i-f  stages  operating  at  5.5  Me 
with  200  kc  bandwidth,  a  6Q7  second 
detector  and  a.f.,  and  a  41  output 
tube.  The  secret  of  the  receiver  is  the 
method  of  tuning.  Ordinary  coil- 
and-condenser  tuned  circuits  are  not 
suitable  since  their  Q  is  low  and  de¬ 
creases  at  the  highest  frequencies. 
Instead,  coaxial  circuits,  illustrated 
in  the  accompanying  figure,  are  u.sed 
in  the  r-f.  converter  and  o.scillator 
.sections.  Tuning  is  accompli.shed  by 
a  micrometer  screw  which  varies  the 
capacitance  between  plates  contained 
within  the  coaxial  shield.  The  choice 
of  base  metal  and  coating  metal  was 
carefully  investigated  to  produce  a 
minimum  of  detuning  with  tempera¬ 
ture  changes  and  to  insure  high  Q. 
The  coaxial  circuits  are  about  8 
inches  in  length  and  rather  heavier 
than  coil  and  condenser  circuits  but 
their  superior  performance  justifies 
their  use. 

Fixed  tuned  u-h-f  receivers  for  u.se 
in  regular  airline  service  have  been 
developed  commercially.  One  of  the 
first  to  be  announced,  the  Western 
Electric  27 A,  is  a  six-tube  75  Me 
receiver,  equipped  with  a  lamp  con¬ 
trol  which  responds  individually  to 
audio  modulations  of  3000,  1300,  and 
400  cps.  The  oscillator  is  crystal  con¬ 
trolled,  and  produces  an  intermediate 
frequency  of  6.325  Me.  The  sensitiv¬ 
ity  is  such  that  the  control  operates 
on  an  input  signal  of  150  microvolts, 
30  per  cent  modulated.  The  audio 
output  is  150  milliwatts  with  the 
same  input. 

The  75  Me  receivers  are  intended 
for  use  as  marker-beacon  indicators. 
Three  types  of  beacon  are  now  in  de¬ 
velopment,  all  operating  on  75  Me: 
(1)  a  fan-type  marker  which  sets  up 
a  broad,  thin  vertical  wedge  of  signal, 
with  its  plane  at  right  angles  to  the 
airline  route;  (2)  a  cone-of-silence 
marker  which  sends  a  vertical  cone 
of  signal  to  mark  the  location  of 
radio-range  beacons;  and  (3)  air¬ 
port-boundary  markers  which  send  up 
fan  signals  over  the  edges  of  airport 
areas. 

An  excellent  illustration  of  the  pro¬ 
gress  made  in  u-h-f  beacons  is  the 
installation  made  by  the  CAA  at 
Bowie,  Md.  The  transmitter  is  crys¬ 
tal-controlled,  and  develops  100  watts 

{Continued  on  page  43) 
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Initial  Drift  in  Photocells 


THKRP^  seems  to  be  ^^eneral  con¬ 
fusion  amonj?  engineers  in  the 
interpretation  of  the  term  fatigue  as 
applied  to  the  behavior  of  photovol¬ 
taic  cells.  While  the  word  is  usually 
intended  to  describe  a  transient  drift- 
intr  of  current  when  a  cell  is  suddenly 
exposed  to  light,  it  has  also  been  em¬ 
ployed  to  designate  the  gradual  de¬ 
preciation  in  sensitivity  over  periods 
of  months,  which  is  characteristic  of 
some  cells.  The  writer  is  inclined  to 
agree  with  Elvegard  and  others*  in 
calling  the  former  phenomenon, 
which  endures  only  a  few’  minutes 
and  is  completely  reversible,  simply 
an  initial  drift.  If  a  cell  loses  sensi¬ 
tivity  with  time,  it  may  be  said  to 
age  or  depreciate. 

The  word  photocell  was  formerly 
applied’  to  any  type  of  photo-electric 
element,  but  since  the  motion  picture 
industry  has  generally  adopted,  the 
name  phototube  for  the  emissive  type, 
there  has  been  a  trend  to  use  photo¬ 
cell  specifically  for  the  voltaic  type. 
This  has  much  in  ite  favor,  and,  after 
all,  common  usage  is  the  determining 
factor  in  the  final  christening  of 
common  articles. 

For  convenience,  circuits  involving 
photocells  may  be  grouped  into  two 
great  classes:  (1)  those  requiring 
relative  permanency  of  calibration, 
such  as  light  meters  and  exposure 
meters;  and  (2)  those  requiring  rela¬ 
tive  freedom  from  initial  drift,  such 
as  transparency  meters  and  compari¬ 
son  devices.  In  the  second  class,  it  is 
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common  practice  to  compare  some 
optical  property  of  a  given  material 
with  that  of  an  established  standard. 
The  comparison  is  to  be  made  with 
considerable  precision  and  hence  any 
appreciable  drift  in  the  cell  between 
readings  is  intolerable.  However,  be¬ 
cause  the  cell  may  be  standardized 
as  frequently  as  the  operator  desires, 
any  long-time  depreciation  is  utterly 
negligible.  It  is  important,  therefore, 
in  selecting  a  suitable  cell  for  a  given 
circuit,  to  consider  which  character¬ 
istic  is  of  most  importance  to  the 
measurements  in  question. 

It  is  the  purpose  of  this  paper 
to  record  some  carefully  conducted 
measurements  on  the  initial  drift 
of  copper-oxide  Photox  photocells. 
While  the  Photox  is  recognized  as 
not  being  completely  permanent, 
having  an  expected  average  deprecia¬ 
tion  of  about  one  per  cent  per  month, 
and  is  not  generally  recommended 
for  permanently  calibrated  units, 
nevertheless,  it  does  have  several 
characteristics  of  considerable  inter¬ 
est  to  designers  of  light-sensitive  cir¬ 
cuits.  Among  these  characteristics  is 
its  relative  freedom  from  initial 
drift. 

Because  there  are  many  parameters 
which  might  be  changed  to  obtain 
an  endless  array  of  data,  it  was  de¬ 


Fig.  2 — Initial  driit  of  Photox  colli 
at  SO  foot-candles  compared  to  that 
of  a  selenium  cell 


Fig.  1 — Schematic  diagram  of  op- 
paratus  used  to  determine  initial 
driit  of  photocells 


cided  to  restrict  the  measurements 
to  one  typical  intensity  of  illumina¬ 
tion,  50  foot-candles;  one  tempera¬ 
ture,  approximately  27°C;  and  to 
one  spectral  distribution,  tungsten 
radiation  at  about  2550®K.  Actual 
observations  were  made  on  current 
outputs  of  each  of  five  typical  cells 
into  loads  of  10  ohms,  5000  ohms  and 
100,000  ohms.  Similar  measurements 
were  also  made  on  selenium  cells. 

To  make  the  readings  of  cell  cur¬ 
rent  significant,  precautions  were 
taken  to  maintain  the  intensity  of 
light  constant  w’ithin  0.1  per  cent,  and 
to  minimize  any  possible  change  in 
temperature  of  the  cell.  Lamp  cur¬ 
rent  was  supplied  from  two  6- volt 
storage  batteries  in  series.  The  main 
current  flowed  through  a  standard 
resistance  of  0.1  ohm  value  and  also 
a  fixed  resistance  of  one  ohm  value 
across  which  a  smoothly  variable 
1000-ohm  resistor  was  paralleled  as 
indicated  in  Fig.  1.  A  potentiometer 
across  the  standard  resistance  was 
capable  of  indicating  the  voltage  drop 
to  three-  thousandths  of  one  per  cent. 
Counting  the  visible  radiation  as 
[Continued  on  page  33] 
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CONCENTRIC  FOLDEDH 


By  A.  J.  SANIAL 

Chief  Engineer,  Guided  Radio  Corp. 

Setc  York,  y.  y. 

IN  spite  of  the  benefits  accruing 
from  the  use  of  horns  to  load  loud¬ 
speaker  units,  the  straight  exponen¬ 
tial  trumpet  is  today  proving  too 
bulky  and  cumbersome  compared  to 
dynamic  cone  and  baffle  loudsi>eakers. 
Among  the  things  which  have  been 
sacrificed  in  abandoning  the  exponen¬ 
tial  horn  and  driver  loudspeaker  are 
higher  efficiency  and  smoother  re¬ 
sponse  over  a  wide  range  together 
with  the  ability  of  controlling  the 
directional  charactertistic. 

However,  it  is  not  necessary  to 
tolerate  the  long,  space-wasting 
straight  horn  in  order  to  gain  its 
advantages.  The  horn  may  be  folded 
in  any  number  of  different  ways.  A 
popular  method  in  use  is  to  curl  the 
horn  up  like  a  snail  shell  or  back  and 
forth  on  itself  or  in  dozens  of  com¬ 
binations  of  these  methods.  Most  of 
these  horns  have  the  bad  fault  of 
having  vastly  different  path  lengths 
along  the  two  curved  walls  from  the 
throat  out  to  the  mouth,  and  this 
results  in  serious  cancellation  of  fre¬ 
quencies,  especially  at  the  high  end. 
There  are  some  which  keep  the  path 
lengths  more  nearly  equal  and  the 
radii  of  the  bends  large  compared 
to  the  sectional  width  of  the  horn 
at  the  bends,  by  expanding  the  horn 
section  rapidly  in  a  direction  normal 
to  the  bends.  Folding  the  horn  back 
and  forth  on  itself  concentrically  is 
a  more  attractive  method.  It  re¬ 
sults  in  a  symmetrical  structure 
throughout,  a  longer  air  column  can 
be  obtained  in  a  given  volume  with¬ 
out  sacrificing  other  properties,  it  is 
practically  impossible  for  water  to 
reach  the  throat,  unless  the  whole 
is  completely  submerged  in  a  cer¬ 
tain  way,  and  most  of  the  ordinary 
dust  and  dirt  is  automatically  kept 
out,  and  it  can  be  manufactured  of 
metal  much  more  cheaply  than  other 
types  of  folded  horns.  In  addition, 
practically  no  panel  resonance  is  en¬ 
countered.  If  the  folding  is  done 
correctly  and  carefully,  its  perform¬ 
ance  will  be  quite  as  acceptable,  and 
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Curve  1 — Driver  coupled  to  straight  trumpet 
Curve  2— Driver  working  into  a  folded  horn 
Curve  3— Trumpet  with  mouth  diameter  oi  2  ieet 
Curve  4 — Folded  horn  with  same  mouth  diameter 


it  will  occupy  but  a  fraction  of  the 
space  it  took  up  as  a  trumpet.  The 
toll  exacted  for  this  saving  is  1) 
somewhat  greater  cost  than  a  trum¬ 
pet,  2)  an  added  loss  at  the  higher 
frequencies.  The  cost  can  be  regu¬ 
lated  by  the  actual  mechanical  design 
and  the  method  of  fabrication  used, 
while  the  high  frequency  loss  can  be 
kept  low  by  attention  to  fundamental 
acoustic  principles  in  the  air  column 
design. 

The  accompanying  curves  show 
the  effect  of  a  short  folded  horn  com¬ 
pared  to  a  straight  trumpet.  Curve 

1  is  that  of  a  driver  unit  coupled  to 
the  straight  trumpet,  and  in  curve 

2  the  same  driver  is  working  into 
a  folded  horn  with  the  same  throat 
and  mouth  diameter  as  the  trumpet. 
Even  though  the  cutoff  of  the  folded 
horn  is  about  one  hundred  cycles 
higher  than  that  of  the  trumpet  due 
to  a  shorter  air  column,  it  can  be 
seen  that  a  decrease  in  the  low  fre¬ 
quency  efficiency  due  to  this  fact  is 
about  the  only  major  difference  in 
the  two  response  curves.  There  is  a 
slight  tendency  in  the  folded  horn 
to  introduce  a  peak  around  3000 
cycles. 


The  directional  characteristic  is 
amenable  to  considerable  control  by 
varying  the  configuration  and  dimen¬ 
sions  of  the  mouth  and  the  last  .sec¬ 
tion  of  the  folded  horn.  The  larger 
the  mouth  of  the  horn,  the  more  di¬ 
rective  is  its  effect  at  lower  frequen¬ 
cies.  The  directive  properties  of  a 
ring-shaped  radiator  can  be  utilized 
much  more  readily  with  the  concen¬ 
tric  folded  honi  due  to  its  inherent 
construction,  and  really  accounts  for 
the  marked  beam-like  o|)eration  of 
even  small  size  horns  of  this  tyi)e. 
The  directional  curves  3  and  4  show 
how  sharp  the  beam  of  a  concentric 
folded  horn  can  be  made.  Curve  3  is 
that  of  a  trumpet  type  with  a  mouth 
diameter  of  approximately  2  feet, 
while  curve  4  is  that  of  a  folded  horn 
of  the  same  overall  mouth  diameter, 
both  taken  at  100  cycles.  These  curves 
are  plotted  to  the  same  scale.  Actually 
other  things  being  equal,  the  pressure 
at  zero  degrees  is  much  greater  on 
the  folded  horn  than  on  the  trumpet. 
It  is  of  course  possible  to  design  a 
trumpet  type  horn  in  the  form  of  a 
ring  radiator  but  this  results  in  a 
more  complicated  and  expensive 
structure.  In  a  horn  of  this  type 
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which  the  writer  desij?ned,  the  acous¬ 
tic  pressure  on  the  axis  in  the  1000 
cycle  region  was  increased  more  than 
50%  by  the  insertion  of  a  carefully, 
designed  “blob”  in  the  mouth  of  the 
horn,  compared  to  the  pressure  from 
the  original  horn  at  the  same  fre¬ 
quency,  Fig.  1  shows  one  method 
( not  to  scale)  of  designing  a  ring 
radiator  type  trumpet,  which  will 
sharpen  the  directional  curve.  All 
cross  sectional  areas  must  be  kept 
in  the  usual  exponential  relationship 
of  course,  even  though  annular- 
shajsed. 

In  designing  a  concentric  folded 


The  diameter  of  the  throat  Dr  is  de¬ 
termined  by  the  impedance  desired  at 
the  throat  end  of  the  horn,  or  if  a 
driver  unit  is  already  available  this 
fixes  the  throat  diameter,  as  there 
must  not  be  abrupt  changes  in  the 
horn  section.  Most  of  the  routine 
computations  involved  in  obtaining 
the  horn  dimensions  from  the  above 
equation  can  be  eliminated  by  using 
the  simple  graphical  methods  de¬ 
scribed  in  a  recent  paper  by  the 
writer*. 

The  straight  horn.  Fig.  2,  is  now 
roughly  divided  into  the  number  of 
sections  into  which  it  is  necessary  to 
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Fig.  1 — Section  oi  a  ring  radiator  type 
trumpot 


Fig.  3 — Resultant  horn  oi  three 
iolds 


Fig.  2— Design  diagram  for 
iolded  horn 


Fig.  4 — Design  data  lor  blob 
in  horn 


horn,  the  standard  exponential  horn 
formulas  are  used  to  determine  the 
cross  sectional  areas  of  the  air  col¬ 
umn  at  various  distances  from  the 
throat.  These  may  already  be  avail¬ 
able  from  an  existing  trumpet  de¬ 
sign  which  it  is  desired  to  fold  up. 
If  not,  dimensions  of  a  straight  horn 
suitable  for  the  requirements  should 
he  designed  first,  from  the  formula 


Where  L  =  Distance  of  section  from  throat 
Dl  =  Diameter  of  section  at  L 
Dr  =  Diameter  of  throat 
m  =  Taper  determined  by  lower  cutoff 
frequency 


fold  it  to  meet  space  requirements 
specified.  Assuming  there  are  to  be 
three  folds,  a  form  as  in  Fig.  3  re¬ 
sults.  The  first  .section  is  of  course 
identical  with  the  trumpet  for  the 
same  length.  Just  ahead  of  where 
the  first  turn  begins  the  outside  of 
the  first  section  is  arbitrarily  ex¬ 
panded  at  a  greater  rate  up  to  the 
point  of  curvature.  To  keep  the  air 
column  exponential,  a  blob  just  nat¬ 
urally  appears  in  the  center  of  the 
expanded  section  w'hen  the  calcula¬ 
tions  are  made.  This  can  be  seen 
from  the  section  of  the  horn  at  this 

•  "Graphs  for  Exponential  Horn  Oesign”, 
A.  J.  Sanial,  KCA  fterirtp,  July  19.18. 


point  Fig.  4.  The  sectional  area 
must  be  the  same  as  that  of  the 
trumpet  at  this  distance,  yet  the  out¬ 
side  diameter  is  greater  than  Dl. 
The  diameter  of  the  blob  bt,  is  then 


fct  =  Vat*  —  Dl* 

assuming  the  center  line  is  hori¬ 
zontal  or  nearly  so.  If  the  angle  0 
from  horizontal  is  appreciable  how¬ 
ever,  the  actual  horn  section  is  not 
a  plane  annulus  but  is  the  surface 
of  a  truncated  cone,  the  expression 
of  this  being 


_ f  at-  +  l>i-\^l(aL  -  bL)*  j_  (ol  -  bL)* 

"  V  2  - 4~ 


Equating  this  to  the  area  of  the  equiv¬ 
alent  trumpet  at  the  same  length  of 
air  column. 


From  which  Dl  =  W  ^ — (at*  —  5t*) 
y  sin  0 

Or  bi,  =  Vot,*  —  Dt*  sin  0 

Note  that  if  the  outer  wall  expands 
rapidly  enough,  due  to  the  increase 
in  ttt  the  difference  between  at  and 
6t  becomes  smaller.  In  other  words, 
the  section  becomes  thin  which  is  just 
what  is  desired  at  the  pioint  of  curv¬ 
ature.  This  keeps  the  path  length  of 
the  sound  wave  nearly  equal  on  the 
inside  and  outside  walls  of  the  section 
as  the  turn  of  the  horn  is  negotiated 
for  a  given  radius  of  curvature.  It 
is  usually  found  necessary  to  try 
various  rates  of  expansion  of  the 
outer  wall  until  the  section  is  thin 
enough  .so  that  the  difference  in  path 
lengths  along  the  inside  and  outside 
walls  is  less  than  an  appreciable  frac¬ 
tion  of  the  wave  length  of  the  highest 
frequency  to  be  transmitted.  The 
principal  limits  on  the  narrowness  of 
the  section  are  the  allowable  toler¬ 
ances  in  manufacture,  as  it  can  be 
seen  that  a  given  error  in  dimensions 
will  have  a  relatively  greater  effect 
on  the  performance  when  the  section 
is  very  narrow.  The  proper  compro¬ 
mise  is  left  to  the  judgment  of  the 
designing  engineer. 

The  width  of  the  section  at  the 
center  of  the  turn,  that  is,  whose  cen¬ 
ter  line  is  normal  to  the  main  center 
line  of  the  horn  Fig.  5  may  be  called 
t,  and  has  the  value. 


After  the  first  turn  is  calculated  so 
that  all  requirements  both  acoustical 
and  mechanical  are  met  satisfactorily, 
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the  second  or  reverse  column  is  com¬ 
puted.  Either  wall  may  be  laid  out 
experimentally  and  the  other  calcu¬ 
lated  from  either  of  the  equations. 

a  =  b-  +  D-  or  b  =  —  D- 

If  the  section  of  the  column  is  rela¬ 
tively  narrow,  it  is  just  as  well  to  lay 
out  the  tentative  wall  as  a  straight 
line;  it  is  easier  to  compute  the  other 
side;  it  simplifies  manufacture  and 
the  performance  is  not  affected. 

This  second  section  may  progress 
backwards  parallel  to  the  main  center 
line,  it  may  rise  at  an  angle  or  it 
may  be  bent.  It  will  be  found  best 
perhaps  to  work  it  out  so  that  the 
inner  diameter  gradually  increases. 
This  tends  to  keep  the  section  thin  so 
that  by  the  time  the  second  turn  is 
reached,  an  abnormally  large  radius 
of  curvature  does  not  have  to  be  used 
to  satisfy  the  path  length  require¬ 
ments  referred  to  above.  Of  course 
if  the  bell  diameter  is  fixed,  the  diam¬ 
eter  of  the  horn  at  the  second  turn 
must  not  be  greater  than  the  bell 
diameter  and  should  be  less. 

After  the  second  turn  is  calculated 
the  same  as  the  first,  the  outer  bell 
can  then  be  laid  out  as  its  diameter 
is  fixed  at  both  ends.  All  that  re¬ 
mains  to  find  is  the  shape  of  the 
inner  “mushroom”  to  give  the  final 
exponential  section.  If  the  design  is 
now  such  that  the  diameter  of  the 
second  turn  is  appreciably  smaller 
than  the  outer  bell  diameter,  the 
theoretical  center  line  of  the  horn 
will  be  divergent.  Fig.  6.  This  indi¬ 
cates  that  the  directional  response 
will  not  be  as  sharp  as  it  might  be 
made.  On  the  other  hand,  it  is  usu¬ 
ally  found  that  in  meeting  all  the 
other  requirements  that  are  laid  down 
at  first,  there  is  only  a  small  differ¬ 
ence  in  these  two  diameters.  This 
results  in  a  sharper  directional  char¬ 
acteristic  due  to  the  manner  in  which 
the  center  line  of  the  final  section 
falls.  Fig.  7.  It  is  readily  seen  that 
considerable  flexibility  is  offered  by 
this  type  of  horn  for  controlling  the 
emerging  sound  and  radiating  it  over 
a  wide  angle  or  a  narrow  beam  as 
desired.  There  is,  of  course,  the 
variation  in  the  radiation  angle  with 
frequency  which  is  always  present 
from  a  source  other  than  a  point 
source,  but  this  variation  will  be  very 
much  smaller  in  a  properly  designed 
concentric  folded  horn  than  that  in- 
hei’ent  in  the  ordinary  straight  expo¬ 
nential  horn. 

As  for  the  effect  of  errors  and  inac¬ 


curacies,  some  are  serious  and  others 
negligible.  It  is  important  to  keep 
the  spacing  between  the  walls  such 
that  the  correct  area  is  maintained, 
and  if  this  is  not  done,  the  response 
becomes  very  ragged  and  objection¬ 
able  peaks  are  introduced.  However, 
if  the  center  mushroom  is  properly 


Fiq.  5 — Section  at  center  oi  turn  of 
horn 


Fig.  6  and  7 — Section  at  center  lines 
of  horn 


spaced,  but  slips  to  one  side,  the  effect 
will  only  be  serious  in  changing  the 
direction  of  the  main  beam  of  sound. 
As  the  actual  cross  sectional  area  is 
not  affected,  the  horn  itself  will  per¬ 
form  as  expected.  Errors  in  compu¬ 
tation  must  be  carefully  checked  as 
considerable  undesirable  effects  can 
be  introduced  by  either  abrupt 
changes  in  section  or  by  expansion 
less  than  the  exponential  rate.  A  de¬ 
crease  in  sectional  area  is  particularly 
bad.  These  errors  introduce  peaks 
and  dips  in  the  response  and  cause 
overall  reduction  in  the  efficiency. 

It  has  been  claimed  by  some  that 
the  efficiency  of  this  type  of  horn  is 
extremely  high  compared  to  the 
equivalent  trumpet.  This  is  not  quite 
correct,  the  difficulty  arising  from 
the  fact  that  acoustic  efficiency  is  not 
generally  understood  and  also  that  it 
is  difficult  to  measure.  Efficiencies 
have  been  set  on  the  basis  of  pressure 
measurements  on  the  axis  with  no  at¬ 


tempt  to  integrate  the  total  power 
over  the  whole  sphere  of  which  the 
horn  is  the  center.  When  most  of 
the  sound  is  projected  in  a  narrow 
cone  in  front  of  the  speaker,  the  effi¬ 
ciency  based  only  on  pressure  meas¬ 
urements  in  this  cone  is  of  course 
high.  In  fact,  it  would  be  possible 
on  this  basis  to  arrive  at  values  of 
efficiency  that  are  absurd.  For  this 
reason  the  fairest  and  simplest 
method  of  comparing  loudspeakers 
is  to  1)  measure  the  pressure  on  the 
axis  at  a  reasonable  distance  such  as 
10  feet,  in  open  air,  at  a  known  elec¬ 
trical  power  input,  and  2)  measure 
the  directional  characteristic  under 
like  conditions.  Speakers  of  a  given 
classification  as  regards  directional 
respon.se  can  be  compared  readily, 
and  if  it  becomes  necessary  to  com¬ 
pare  any  with  respect  to  total  acous¬ 
tic  output,  sufficient  data  are  avail¬ 
able  to  compute  this. 

Exinrimeutal  Data 

An  experimental  horn  was  built  in 
accordance  with  the  above  methods 
with  a  mouth  diameter  of  more  than 
two  feet.  In  recent  tests  the  horn 
was  set  up  on  a  dock  at  the  relatively 
slight  elevation  of  12  feet,  and 
pointed  out  over  the  water.  The 
sound  pressure  measured  on  a  launch 
with  a  standard  make  meter  was  1  2 
dyne  per  sq.  cm.  at  a  distance  of  one 
mile  from  the  speaker  with  approxi¬ 
mately  80  watts  electrical  input.  As 
the  speech  signals  were  loud  and  dis¬ 
tinct  at  this  distance,  the  tests  were 
repeated  at  farther  distances.  At 
two  miles,  even  with  noi.se  from  boats 
in  the  vicinity,  the  speech  was  still 
heard  As  the  angle  between  the  wa¬ 
ter  surface  and  the  speaker  beam  was 
only  a  matter  of  minutes  at  this 
distance,  it  can  be  seen  that  much 
of  the  sound  was  lost  by  reflection,  so 
that  greater  distances  than  this  could 
be  covered  under  more  favorable  con¬ 
ditions. 

The  pressure  of  the  beam  dropped 
rapidly,  so  much  so  that  it  did  not 
sound  louder  than  an  ordinary 
speaker  would  when  standing  to  the 
side  of  it.  One  of  the  main  advantages 
of  this  is  the  ability  to  use  a  micro¬ 
phone  out  in  the  open  within  a 
reasonable  distance  of  the  loud¬ 
speaker. 

During  these  tests  the  microphone 
was  less  than  35  feet  from  the  horn 
and  directly  back  of  it,  and  no  sound 
proof  booth  or  enclosure  of  any  kind 
was  required  to  prevent  feed-back. 
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The  deflecting  circuit  in  a  tele¬ 
vision  receiver  performs  the 
function  of  supplyinj?  a  force  which 
acts  on  the  electron  beam  in  the 
Kinescope.  This  force  is  of  such 
a  type  that  it  deflects  the  beam  in 
the  same  manner  and  in  .synchron¬ 
ism  with  the  electron  beam  in  the 
Iconoscope  at  the  transmitting  sta¬ 
tion.  For  rectilinear  scanning  this 
force  must  have  a  linear  change 
while  the  beam  is  traversing  one 
line  (or  field)  sweep,  and  a  rapid 
return  to  the  original  condition  at 
the  end  of  the  line  (or  field)  sweep. 
Thus  the  time-amplitude  curve  of 
the  deflecting  force  is  of  sawtooth 
wave  shape  with  a  slow,  linear,  ri.se 
and  a  rapid  fall. 

The  forces  producing  the  hori¬ 
zontal  and  vertical  deflection  must, 
of  course,  be  arranged  so  that  they 
produce  beam  deflections  at  right  an¬ 
gles  to  each  other.  The  vertical  and 
horizontal  deflection  periods  (or  fre¬ 
quencies)  are  determined  by  the 


standards  chosen  for  field  and  frame 
frequency  and  the  number  of  lines 
per  frame.  For  the  standard  441 
lines,  30  frames,  60  fields  per  sec¬ 
ond,  interlaced,  the  vertical  deflec¬ 
tion  period  is  1  60  second  and  the 
horizontal  deflection  period  is  1  13,- 
230  second. 

The  force  producing  the  deflec¬ 
tion  may  be  either  a  magnetic  field 
or  an  electrostatic  field.  For  tele¬ 
vision  deflecting  circuits  the  deflec¬ 
tion  may  be  magnetic  for  both  hori¬ 


zontal  and  vertical,  electrostatic  for 
both  or  a  combination  of  the  two. 
(For  example,  magnetic  vertical  and 
electrostatic  horizontal.) 

For  electrostatic  deflection  a  saw¬ 
tooth  wave  of  voltage  is  impressed 
on  deflecting  plates  which  are  usu¬ 
ally  placed  inside  the  cathode  ray 
tube  just  beyond  the  beam  generat¬ 
ing  gun.  The  beam  is  bent,  or  de¬ 
flected,  an  amount  proportional  to 
the  instantaneous  voltage  applied 
to  the  plates.  This  form  of  deflec¬ 
tion  is  used  in  most  oscillographs 
and  has  been  dealt  with  quite  exten¬ 
sively  in  the  literature. 


Fig.  1 — Magnetic  deflection  yoke  with  winding  polarity  indicated 
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For  magnetic  deflection  a  sawtooth 
wave  of  current  is  passed  through 
coils  arranged  around  the  neck  of  a 
cathode  ray  tube  just  ahead  of  the 
gun.  This  sawtooth  of  current  pro¬ 
duces  a  sawtooth  wave  of  magnetic 
flux  through  the  neck  of  the  tube. 
This  flux  deflects  the  beam  of  elec¬ 
trons  in  proportion  to  its  intensity. 

It  is  very  important  that  the 
distribution  of  flux  across  the  tube 
neck  be  uniform,  otherwise  there 
will  be  deflection  wave  shape  distor¬ 
tion  or  beam  defocusing.  Special 
care  must  be  taken  in  designing  the 
deflecting  coils  in  order  to  insure 
this  uniform  flux  distribution. 

One  form  of  coil  arrangement 
which  has  been  found  to  be  satis¬ 
factory  is  shown  in  Fig.  1.  Each  coil 
is  wound  rectangular  in  form,  and 
is  made  up  of  several  concentric  sec¬ 
tions  each  having  the  proper  num¬ 
ber  of  turns  so  that  the  magnetic 
flux  will  be  uniform  in  the  finished 
yoke.  The  coils  are  then  formed 
around  a  paper  tube  just  large 
enough  to  slip  over  the  neck  of  the 
Kinescope.  The  two  horizontal  coils 
are  placed  on  the  inside,  180°  apart, 
and  the  vertical  coils  are  formed 
over  them  and  placed  exactly  90“ 
from  the  horizontal  coils.  Thus  the 
horizontal  coils  provide  a  magnetic 
flux  at  right  angles  to  that  of  the 
vertical  coils,  so  that  the  resultant 


EQUIVALENT  CIRCUIT 


circuit  of  this  combination  is  shown 
at  E  of  Fig.  3.  This  circuit  is  cor¬ 
rect  providing  the  output  tube  is  op¬ 
erating  over  the  linear  portion  of  its 
characteristic. 

If  this  circuit  consisted  simply  of 
L,  and  if  the  coil  resistance  (r)  and 
the  tube  plate  resistance  ( A’,,)  were 
both  zero  the  input  reipiired  would 

be  E  =  which  would  be  a  wave 
it 

such  as  is  shown  at  B.  If,  on  the 
other  hand,  the  circuit  had  consisted 
of  simply  resistance,  the  input  re¬ 
quired  would  be  E  =  IK,  which  would 
be  a  wave  such  as  is  shown  at  C. 
For  a  circuit  consisting  of  both  re¬ 
sistance  and  inductance  the  required 
input  would  be  a  combination  of  the 


wave  is  1  13,230  .second,  and  for 
good  transmission  approximately  10 
harmonics  of  this  frequency  must 
be  passed,  so  the  transformer  must 
pass  frequencies  from  about  13  to 
130  kc.  The  leakage  inductance  and 
capacity  of  the  transformer  must  be 
small  so  that  the  natural  jieriod  of 
the  complete  output  system  is  in  the 
order  of  130  kc. 

The  sawtooth  voltage  wave  to  be 
applied  to  the  grids  of  the  horizontal 
output  tubes  is  generated  in  the  dis¬ 
charge  tube  circuit.  The  operation 
of  this  tube  is  illustrated  in  Fig.  1. 
The  grid  is  normally  maintained  at 
a  bias  beyond  cutotf.  but  is  supplied 
with  a  positive  impulse  at  the  end 
of  each  .scanning  line  by  the  oscilla- 


Fiq.  3 — Wave  shapes  in  linear  de¬ 
flecting  output  circuit 

horizontal  deflection  is  at  right  an¬ 
gles  to  the  vertical  deflection. 

There  is  an  iron  shell  around  the 
outside  to  increase  the  inductance 
of  the  vertical  coils  and  provide 


Fig.  4 — Discharge  tube  circuit 


shielding. 

It  is  necessary  that  the  cross 
coupling  between  the  horizontal  and 
vertical  windings  be  small  to  prevent 
reactions  between  them.  It  is  some¬ 
times  desirable  to  reduce  this  coup¬ 
ling  by  inserting  an  electrostatic 
shield  betw'een  the  two  sets  of  wind¬ 
ings.  How’ever,  it  has  been  found 
that  this  is  not  necessary  if  one  or 
both  of  the  sets  of  windings  is  made 
low  impedance  so  that  large  voltages 
are  not  present  across  the  windings. 
In  the  yoke  described  the  horizontal 
coils  are  relatively  low  impedance 
and  are  driven  from  a  high  ratio 
step-down  transformer,  while  the  ver¬ 
tical  windings  are  somewhat  higher 
in  impedance  and  are  driven  through 
a  relatively  low  ratio  step-down  auto 
transformer. 

Figure  2  is  the  schematic  circuit 
diagram  of  an  experimental  receiver 
using  this  type  deflecting  yoke.  Two 
power  pentodes  operating  in  parallel 
are  used  to  drive  the  horizontal  de¬ 
flecting  coils.  The  current  supplied 
by  these  tubes  must,  of  course,  be 
of  sawtooth  wave  shape,  as  shown 
at  A  in  Fig.  3.  The  wave  shape 
of  the  voltage  required  on  the  grid 
of  the  output  tube  (or  tubes)  to  pro¬ 
duce  this  sawtooth  of  current  depends 
on  the  tube  impedance  and  the  coil 
inductance  and  resistance.  In  its 
most  simplified  form  the  equivalent 


Fig.  5 — Blocking  oscillator 

two,  such  as  shown  at  D. 

In  the  horizontal  deflecting  circuit, 
pentode  output  tubes  are  used.  The.se 
tubes  have  a  high  plate  impedance. 
It  is  so  high,  in -fact,  that  the  circuit 
inductance  L  becomes  practically 
negligible  and  the  voltage  required 
on  its  grid  is  essentially  a  simple 
sawtooth,  as  shown  at  C  in  Fig.  3. 
Because  of  the  high  impedance  of 
the  output  tubes,  they  offer  very  little 
damping  to  the  inductance  L,  so  that 
when  the  current  suddenly  changes 
a  transient  condition  is  set  up  which 
must  be  damped  out.  If  simple  RC 
damping  were  used  across  the  in¬ 
ductance  the  loading  would  be  pres¬ 
ent  on  both  the  build  up  and  decay 
of  the  current.  This  would  lengthen 
the  return  time,  which  is  undesir¬ 
able.  A  diode  in  series  with  the  RC 
load  circuit  acts  as  a  switch  to  re¬ 
move  the  load  during  the  return  time 
while  still  preventing  the  transient 
during  the  active  scanning  time.  This 
is  the  “horizontal  damping”  tube  on 
Fig.  2. 

The  stepdown  transformer  be- 
tw’een  the  horizontal  output  tubes 
and  the  deflecting  coils  must  have 
a  good  frequency  and  phase  charac¬ 
teristic  to  pass  the  sawtooth  of  cur¬ 
rent.  The  period  of  the  sawtooth 


tor.  In  its  plate  circuit  is  a  capaci¬ 
tor  (C)  connected  from  plate  to 
ground  and  a  large  resistor  (R)  from 
plate  to  a  high  positive  voltage 
During  the  period  between 
grid  impulses  the  capacitor  charges 
at  essentially  a  constant  rate  through 
the  resistor  R.  When  the  impulse 
drives  the  grid  to  zero  (or  positive) 
voltage  the  capacitor  is  discharged 
through  the  tube,  thus  generating 
the  sawtooth  in  synchronism  with 
the  grid  impulses.  The  values  of 
R  and  C  are  so  adjusted  that  the 
peak  charge  on  C  never  exceeds  a 
small  percent  of  the  +B  voltage,  thus 
assuring  a  practically  linear  rise  in 
voltage  across  the  capacitor  during 
the  charge  period. 
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Fig.  2  -Circuit  diagram  oi  receiver  '  j 

employing  magnetic  type  deflection  ' 
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The  o.scillator  is  of  the  type  known 
as  a  “blocking”  o.scillator.  Its  oper¬ 
ation  i.s  illustrated  in  Fig.  5.  The 
circuit  is  simply  that  of  a  grid  leak 
biased  oscillator,  but  the  constants 
are  such  that  during  the  first  half 
cycle  of  o.scillation  the  grid  is  driven 
into  grid  current,  during  which  time 
the  capacitor  C  is  charged.  The  grid 
is  then  driven  far  beyond  cut-off  by 
the  collapse  of  the  plate  current,  and 
is  maintained  beyond  cut-off  by  the 
charge  on  This  charge  gradually 
leaks  off  through  li  until  cut-off  is 
reached,  when  plate  current  starts, 
driving  the  grid  positive  until  plate 
current  saturation  is  reached,  when 
it  again  collapses  and  the  cycle  is 
repeated.  The  period  of  the  o.scilla¬ 
tion  T  is  determined  principally  by 
the  constants  liC  while  the  shari)- 
ness  of  the  i)ulst*s  generated  are  prin¬ 
cipally  determined  by  tbe  trans¬ 
former  constants. 


Sifuch  rtniiznfiini 


Synchronization  may  be  accom¬ 
plished  by  impressing  positive  .syn¬ 
chronizing  pulses  on  the  grid  circuit, 
as.  for  example,  across  r.  If  these 
.synchronizing  pulses  are  of  sufficient 
amplitude  to  drive  the  grit!  up  to 
cut-off  they  will  start  plate  current 
flowing  and  initiate  a  new  cycle.  This 
is  illustrated  at  S  on  Fig.  5.  The  new 
cycle  would  then  be  as  shown  by  the 
dotted  curve.  Thu.s,  for  this  method 
of  synchronizing  the  period  T  should 
be  .somewhat  longer  than  the  period 
between  synchronizing  pulses.  The 
period  T  is  normally  adjusted  until 
the  oscillator  “holds”  by  adjusting 
R,  the  “Hold”  control.  The  ampli¬ 
tude  of  the  synchronizing  signal  re¬ 
quired  is  greater  the  more  T  differs 
from  the  synchronizing  period.  Thus, 
if  extraneous  pulses,  such  as  noise 
signals,  are  present  in  the  synchro¬ 
nizing  signal  they  will  have  little  ef¬ 
fect  on  the  oscillator  hold  unless  they 
exceed  the  amplitude  of  the  synchro¬ 
nizing  pulses. 

The  positive  portion  of  the  block¬ 
ing  oscillator  output  wave  actuates 
the  discharge  tube  as  described. 

The  oscillator  and  discharge  cir¬ 
cuits  for  the  vertical  deflection  are 
similar  in  performance  to  those  of 
the  horizontal,  but  the  circuit  con¬ 
stants  differ  because  of  the  differ¬ 
ence  in  time  for  a  cycle  of  operation. 

{Continued  on  page  32) 
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A  F  requency  Monitoring  Unit 
for  Relay  Broadcasting  Stations 


Front  panel  view  of  frequency  monitoring  unit.  The  thermometer 
for  determining  temperature  of  the  crystal  is  shown  at  the  right 
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Many  broadcasting  stations  make 
use  of  portable-mobile  trans¬ 
mitters  of  comparatively  low  power 
for  the  purpose  of  forwarding  spe¬ 
cial-event  programs  from  remote  lo¬ 
cations  where  a  telephone-line  con¬ 
nection  cannot  be  obtained.  At  the 
nearest  available  telephone  facility  a 
receiver  is  set  up  and  the  received 
program  is  sent  from  there  on  a  pro¬ 
gram  loop  to  the  main  equipment 
room  of  the  station.  These  transmit¬ 
ters  are  usually  licensed  to  operate  on 
any  one  of  four  specific  frequencies 
assigned  somewhere  between  1600 
and  3000  kc.  The  equipment  de¬ 
scribed  herewith  was  designed  to  ful¬ 
fill,  at  a  moderate  cost,  the  require¬ 
ment  for  a  frequency  monitor  for 
this  class  of  station. 

The  regulations  stipulate  that  a 
relay  broadcast  station  of  over  10 
watts  of  power  shall  maintain  its  fre¬ 
quency  to  within  0.04  of  1%,  and  the 
frequency  monitor  used  shall  be  ac¬ 
curate  to  within  half  of  this  figure  or 
0.02  of  1%.  The  described  unit  has 
an  accuracy  well  within  this  limit.  It 
is  not  required  that  the  monitor  be 
situated  alongside  the  transmitter; 
this  one  is  intended  for  operation  at 
the  receiving  location. 

The  monitor  is  comprised  of  four 
units:  a  100  kc  crystal  oscillator,  a 
multivibrator,  an  auxiliary  electron- 
coupled  oscillator,  and  a  voltage- 
regulated  power  supply.  They  are 
mounted  on  a  17"  by  12"  by  3"  chassis 
and  a  10^"  by  19"  panel,  the  whole 
being  arranged  for  a  standard  rack. 

With  coupling  established  between 
the  receiver  and  monitor,  signals  will 
be  heard  from  the  100  kc  crystal 
oscillator  at  every  100  kc  interval 
over  the  receiver  dial  up  to  about 
7000  or  8000  kc.  The  multivibrator, 
controlled  by  the  100  kc  standard, 
furnishes  additional  calibration  sig¬ 
nals  which  have  a  separation  of  50, 
20,  or  10  kc  as  selected  by  appropriate 
switching,  and  which  can  be  heard  up 
to  approximately  3500  or  4000  kc. 


The  independently  controlled  auxili¬ 
ary  oscillator  operates  at  frequencies 
between  500  and  1100  kc;  its  har¬ 
monics  can  be  heard  above  30  Me. 

To  begin  a  monitoring  operation, 
the  signal  to  be  monitored  is  tuned 
in  with  the  receiver.  The  auxiliary 
oscillator  is  turned  on  and  a  certain 
one  of  its  harmonics  is  made  to  zero 
beat  with  the  transmitter  signal.  The 
receiver  is  then  tuned  to  the  auxili¬ 
ary  oscillator,  and  the  crystal  oscilla¬ 
tor-multivibrator  is.  turned  on.  An 
audio  beat  note  will  then  be  obtained 
at  the  output  of  the  receiver  as  a 
result  of  the  beating  of  the  auxiliary 
oscillator  signal  with  that  from  the 
crystal-multivibrator  unit.  This  audio 
beat  note  is  then  fed  on  the  program 
loop  to  the  main  equipment  room 
where  the  audio  oscillator  is  assumed 
to  be  located.  The  operator  on  duty 
there  compares  the  audio  signal  on 
the  program  loop  with  the  tone  from 
the  audio  oscillator  and  adjusts  the 
frequency  of  the  latter  until  the  two 
tones  are  in  zero  beat.  The  frequency 
of  the  program-loop  signal  can  then 
be  determined  by  consulting  the  fre¬ 
quency  calibration  of  the  audio  oscil¬ 
lator. 


Dei)ending  upon  the  frequency  of 
the  transmitter  being  monitored,  the 
audio  beat  note  resulting  from  the 
above  .series  of  operations  will  have 
a  certain  specified  frequency  corre¬ 
sponding  to  correct  on-frequency 
operation  of  the  transmitter.  This 
specified  frequency  is  determined  be¬ 
forehand  by  the  use  of  simple  arith¬ 
metic,  The  amount  of  transmitter 
deviation  will  be  shown  by  the  amount 
that  this  audio  note  is  above  or  below 
its  correct  value,  as  explained  in 
detailed  examples  to  follow. 

First  it  might  not  be  amiss  to  ex¬ 
amine  briefly  the  components  of  the 
monitor.  The  crystal  oscillator  em¬ 
ploys  a  Bliley  100  kc  crystal  which 
has  a  temperature  coefficient  of  3 
cycles  per  megacycle  per  degree  Cen¬ 
tigrade.  It  is  contained  in  a  com¬ 
pact  Isolantite  oven;  the  whole  unit 
is  mounted  by  plugging  into  a  5 
prong  socket.  A  thermometer,  viewed 
through  the  front  panel,  shows  the 
temperature  in  the  oven  which  is 
maintained  at  an  even  value  by  a 
thermostatically  controlled  heater.  A 
small  10  volt  filament  transformer 
furnishes  current  for  the  heater  and 
the  indicating  pilot  light.  The  oscil- 
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lat(*r  c'iiTiiit  is  i»ne  recomnuMuled  for 
low-frequency  standards.  The  induct¬ 
ance  in  the  oscillator  tank  circuit 
is  furnished  with  the  crystal.  By 
means  of  the  two-.section  variable 
conden.ser  which  tunes  this  tank  cir¬ 
cuit,  the  crystal  oscillator  frequency 
may  be  varied  over  a  rany^e  of  about 
100  cycles.  This  permits  calibration 
of  the  crystal  ajrainst  some  primary 
standard,  as  for  instance  the  standard 
frequency  signals  of  VVWV. 

The  multivibrator  circuit  is  a  two- 
.stage,  resistance-coupled  amplifier 
with  the  output  connected  back  into 
the  input.  Such  an  arrangement  will 
go  into  sustained  oscillation  and  the 
frequency  of  oscillation  can  be  gov¬ 
erned  by  adju.stment  of  the  resistive 
or  capacitative  elements  of  the  ampli¬ 
fier  circuit.  By  means  of  R.  a  por¬ 
tion  of  the  100  kc  output  of  the  crys¬ 
tal  oscillator  is  injected  in  series 
with  the  d-c  plate  voltage  of  the 
multivibrator  tubes.  Under  these 


the  tenth  subharmonic,  or  10  kc,  the 
controlled  output  will  include  all  the 
harmonics  of  the  100  kc  standard 
plus  all  the  harmonics  of  10  kc  con¬ 
tributed  by  the  multivibrator.  A 
similar  result  can  be  obtained  u.s- 
ing  any  order  of  subharmonic  al¬ 
though  control  may  be  difiicult  above 
the  tenth.  The  second,  fifth,  and 
tenth  are  used  in  this  unit  corre¬ 
sponding  to  multivibrator  frequen¬ 
cies  of  ,'jO,  20,  and  10  kc  respectively. 
The  adjustable  circuit  element  is  the 
grid  leak  of  the  first  tube  which  may 
be  either  Ru,  A‘,„,  or  Ra,  according  to 
the  position  of  the  multivibrator- 
frequency  switch  S3.  The  potentiom¬ 
eters  making  up  A’,.,  R,..,  and  A,„  are 
accessible  from  the  bottom  of  the 
chassis  and  were  made  variable  only 
for  ea.se  of  preliminary  adjustment. 
With  the  switch  S3  on  the  100  kc  po¬ 
sition  the  grid  leak  is  shorted  out 
and  the  multivibrator  is  inoperative. 

Values  for  R^,  A,,„  and  R,,  are  de¬ 
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Rear  view  of  the  monitoring  unit.  Except  for  the  quartz  crystal  in 
the  upper  right  corner,  the  construction  is  similar  to  that  of  a 
radio  receiver 


conditions,  and  when  the  natural  os¬ 
cillating  frequency  of  the  multivibra¬ 
tor  is  adjusted  to  coincide  with  a 
subharmonic  of  the  injection  fre¬ 
quency,  the  oscillations  of  the  multi¬ 
vibrator  will  fall  into  step  and  be 
controlled  by  the  injected  standard. 
Thus,  if  any  of  the  circuit  elements 
are  adjusted  so  that  the  multivibrator 
frequency  is  approximately  that  of 


termined  by  trial  as  follows.  With 
the  crystal  oscillator  operating  and 
Ss  on  the  50  kc  position,  vary  /?i, 
slowly  from  minimum  resi.stance.  Lis¬ 
ten  to  the  signal  in  a  receiver  and 
adjust  until  only  one  response  is 
heard  between  any  two  100  kc  sig¬ 
nals.  This  should  occur  with  the  po¬ 
tentiometer  set  at  approximately  the 
resistance  given  in  the  schematic 


diagram.  The  100  kc  markers  can 
be  identified  beforehand  with  the 
switch  at  the  100  kc  position.  Sim¬ 
ilarly,  with  S3  at  the  20  kc  position, 
adjust  Rio  until  four  signals  are 
heard  between  any  two  100  kc  mark¬ 
ers.  Then  Ro  should  be  adjusted 
until  nine  respon.ses  can  be  counted 
in  the  100  kc  interval.  A  beat-fre¬ 
quency  oscillator,  if  available  in  the 
receiver,  will  aid  in  locating  these 
respon.ses.  The  portion  of  the  re¬ 
ceiver  dial  to  be  used  should  be  se¬ 
lected  so  that  there  are  no  interfering 
signals  to  be  heard  from  outside 
sources. 

The  combined  output  voltage  of 
the  crystal  oscillator-multivibrator 
unit  appears  in  the  plate  circuit  of 
the  6C6G  and  is  made  available  at  a 
standoff  insulator  on  the  rear  of  the 
chassis.  It  is  controlled  from  the 
front  of  the  panel  by  means  of  po¬ 
tentiometer  Ri.  Other  controls  as.so- 
ciated  with  the  unit  which  appear  on 
the  front  of  the  panel  are  the  plate 
voltage  switch,  the  multivibrator- 
frequency  switch,  the  oven-heater 
switch,  and  the  heater  pilot  light. 

The  auxiliary  o.scillator  employs 
a  6C6CI  in  the  usual  electron-coupled 
circuit.  Almost  any  combination  of 
coil  and  condenser  can  be  u.sed;  they 
should  be  proportioned  so  that  the 
o.scillator  frequency  will  cover  as 
much  as  possible  of  the  broadcast 
band.  A  small  vernier  conden.ser, 
connected  in  parallel  with  the  main 
tuning  condenser,  assists  in  making 
clo.se  adjustment  to  zero  beat.  The 
r-f  output  voltage  of  this  oscillator 
appears  on  a  second  standoff  insula¬ 
tor  on  the  back  of  the  chassis,  and 
is  varied  by  means  of  potentiometer 
Ru..  The  frequency  drift,  after  a 
half-hour  warming  up  period,  has 
been  found  to  be  approximately  120 
cycles  per  hour. 

The  regulated  power  supply  con¬ 
tributes  considerably  to  the  fre¬ 
quency  stability  of  the  auxiliary  os¬ 
cillator  under  conditions  of  varying 
line  voltage  or  varying  load  (as 
when  the  multivibrator  is  turned  on 
and  off).  The  base-voltage  for  the 
regulating  system  is  the  constant 
voltage  drop  across  the  1  watt  neon 
tube.  The  limiting  resistor  has  been 
removed  from  the  base  of  this  tube. 
The  power  supply  output  voltage  is 
adjustable  from  the  bottom  of  the 
chassis  by  means  of  the  potentiom¬ 
eter  Good  regulation  will  not 
be  obtained  unless  the  output  volt- 
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age  is  maintained  above  a  certain 
minimum.  In  the  case  of  this  unit 
the  minimum  is  about  200  volts. 
When  the  voltage  is  210  volts  there 
is  practically  no  variation  in  output 
voltage  from  no-load  to  full-load  op¬ 
eration,  or  with  changes  in  line  volt¬ 
age  between  100  and  120  volts.  A 
condenser  (Ci*)  across  the  neon  tube 
is  for  the  purpose  of  squelching 
high-frequency  oscillations  in  the 
neon  tube  circuit  if  any  are  experi¬ 
enced.  The  condenser  size  is  to  be 
determined  by  trial. 

To  examine  in  detail  a  typical  moni¬ 
toring  operation,  assume  that  the  trans¬ 
mitter  frequency  is  1606  kc  and  as¬ 
sume  further  that  coupling  has  been 
established  between  receiver  and  moni¬ 
toring  unit  as  explained  a  little  later 
on.  The  operating  procedure  would 
then  conform  to  the  following  outline: 

1.  Tune  receiver  to  transmitter 
(1606.000  kc). 

2.  Turn  on  auxiliary  oscillator  and 
tune  it  (to  535.333  kc)  until  its  third 
harmonic  zero  beats  with  transmitter. 

3.  Tune  receiver  to  the  second  har¬ 
monic  of  auxiliary  oscillator  (1070.666 
kc) . 

4.  Turn  on  crystal-multivibrator, 
with  MV  switch  at  the  10  kc  position, 
thus  obtaining  666  cycle  beat  between 
the  second  of  the  auxiliary  oscillator 
(1070.666  kc)  and  the  multivibrator 
(1070.000  kc). 

5.  Send  this  tone  to  equipment  room 
and  have  it  measured  with  audio  oscil¬ 
lator.  If  the  transmitter  is  on  fre¬ 
quency,  the  tone  should  measure  666 
cycles.  If  it  is  different  than  666 
cycles,  the  transmitter  deviation  will 
equal  3/2  of  the  difference.  Thus,  if 
it  measures  766,  the  transmitter  is 
150  cycles  high;  if  it  measures  600, 
the  transmitter  is  99  cycles  low,  etc. 

6.  Check :  Frequency  of  beat  obtained 
in  operation  4  should  increase  when 
auxiliary  oscillator  frequency  is  in¬ 
creased  a  small  amount.  If  it  does  not, 
the  deviation  will  equal  1000  cycles 
plus  3/2  of  the  beat  frequency,  and 
will  be  negative. 

Preparations  incidental  to  the  above 
would  include  the  following: 

a)  Turn  on  everything  and  allow 
preliminary  warm-up.  The  crystal 
oven  will  reach  its  final  temperature 
in  about  ten  minutes. 

b)  Connect  from  receiver  antenna 
post  to  the  output  terminal  of  the 
crystal-multivibrator  unit. 

c)  If  transmitter  can  be  heard  satis¬ 
factorily  without  antenna,  do  not  con¬ 
nect  antenna  to  receiver.  If  it  is  neces¬ 
sary  to  use  antenna,  disconnect  it  after 
operation  2  above. 

d)  Turn  off  the  two  plate-supply 
switches  just  before  starting  the  meas¬ 
urement. 

The  output  of  the  auxiliary  oscilla¬ 
tor  is  high  enough  so  that  a  direct  con¬ 
nection  from  its  output  terminal  to  the 
receiver  is  usually  not  required.  If 
an  increased  coupling  is  needed  in  or¬ 
der  to  use  the  higher  order  harmonics. 


it  can  be  obtained  by  connecting  to  the 
oscillator  output  a  short  length  of  wire 
which  is  twisted  around  the  lead  going 
to  the  receiver  antenna  post. 

As  a  further  example,  suppose  the 
transmitter  frequency  to  be  at  the 
higher  end  of  the  band,  say  at  2758  kc. 
The  procedure  would  then  be: 

1.  Tune  receiver  to  transmitter 
(2758.000  kc). 

2.  Turn  on  auxiliary  oscillator  and 
tune  it  (to  919.333  kc.)  until  its  third 
harmonic  zero  beats  with  transmitter. 

3.  Tune  receiver  to  the  fundamental 
of  the  auxiliary  oscillator  (919.333  kc). 

4.  Turn  on  crystal-multivibrator, 
with  MV  switch  at  the  20  kc  (or  10  kc) 
position,  thus  obtaining  a  666  cycle 
beat  between  the  fundamental  of  the 
auxiliary  (919.333  kc)  and  the  multivi¬ 
brator  (920.000  kc). 

5.  Send  this  tone  to  the  equipment 
room  and  have  it  measured  with  audio 
oscillator.  If  the  transmitter  is  on 
frequency,  the  tone  should  measure 
666  cycles.  If  it  is  different  than  666 
cycles,  the  transmitter  deviation  will 
be  equal  to  three  times  the  difference. 
Thus  if  it  measures  766  cycles,  the 
transmitter  is  300  cycles  low;  if  it  meas¬ 
ures  600  cycles,  the  transmitter  is  200 
cycles  high,  etc. 

6.  Check:  Frequency  of  beat  ob¬ 
tained  in  operation  4  should  decrease 
when  the  auxiliary  oscillator  frequency 
is  increased  a  small  amount.  If  it 
does  not,  the  deviation  will  equal  2000 
cycles  plus  3  times  the  beat  frequency, 
and  will  be  positive. 

It  is  to  be  observed  from  the  above 
two  examples  that  a  beat  note  (ob¬ 
tained  in  operation  4)  which  varies 
from  its  specified  value  in  a  certain 
direction  does  not  necessarily  indi¬ 
cate  a  transmitter  deviation  in  the 
same  direction.  In  the  first  example, 
transmitter  deviation  in  the  plus  di¬ 
rection  is  indicated  by  a  beat-note 
frequency  greater  than  666  cycles, 
while  in  the  second  example  the  op¬ 
posite  is  true.  The  direction  of 
change  depends  upon  the  relationship 
existing  between  the  frequencies  of 
the  multivibrator  and  auxiliary  oscil¬ 
lator  that  are  used  in  operation  4. 

If  the  transmitter  deviation  is  as¬ 
sumed  to  increase  in  a  certain  direc¬ 
tion,  the  frequency  of  the  beat  note 
resulting  in  operation  4  will  decrease 
to  zero  and  then  increase  again  as 
the  transmitter  deviation  becomes 
still  greater  in  that  same  direction. 
Thus  in  the  first  example  if  the 
transmitter  deviation  is  1000  cycles 
in  a  negative  direction  the  auxiliary 
oscillator  would  be  tuned  to  535.000 
kc  (operation  2),  its  second  har¬ 
monic  would  be  1070.000  kc  (opera¬ 
tion  3),  and  the  beat  frequency  of 
operation  4  would  be  zero  since  the 
multivibrator  is  also  1070.000  kc. 
If  the  transmitter  deviation  is  as¬ 


sumed  to  increase  still  further  in  the 
negative  direction,  say  to  1300  cycles, 
the  resultant  beat  will  be  increased 
to  a  value  of  200  cycles.  Finally, 
with  a  transmitter  deviation  nega¬ 
tive  and  equal  to  2000  cycle.s,  a  beat 
of  666  cycles  will  be  obtained  and 
the  transmitter  deviation  would  be 
erroneously  quoted  as  equal  to  zero 
on  the  basis  of  information  given 
under  operation  5. 

Transmitter  deviations  as  great  as 
those  mentioned  in  the  preceding 
paragraph  are  not  likely  to  occur 
especially  if  low  temperature  coeffi¬ 
cient  crystals  are  used  in  the  trans¬ 
mitter.  However,  the  possibility  of 
overlooking  such  a  deviation  must  be 
eliminated,  and  that  is  the  purpose 
of  operation  6.  The  problem  re¬ 
solves  itself  to  that  of  determining 
whether,  in  operation  4,  the  fre¬ 
quency  of  the  auxiliary  harmonic  is 
above  or  below  that  of  the  multivi¬ 
brator.  This  can  be  quickly  learned 
by  intentionally  increasing  the  aux¬ 
iliary  oscillator  frequency  by  a  small 
amount,  at  the  same  time  listening 
to  the  beat  in  the  receiver  and  not¬ 
ing  whether  it  increases  or  decreases 
in  frequency.  If  the  change  is  not 
as  stated  in  operation  6,  then  the 
second  method  must  be  used  in  de¬ 
termining  the  transmitter  deviation. 

A  still  further  possibility  exists 
in  that  the  transmitter  deviation 
might  be  so  great  as  to  cause  the 
frequency  of  the  second  harmonic 
of  the  auxiliary  oscillator  (exam¬ 
ple  1)  to  approach  within  a  few  hun¬ 
dred  cycles  of  either  1060  or  1080 
kc.  Since  multivibrator  signals  exist 
at  these  two  frequencies  also,  an 
audio  beat  would  result  and  an  in¬ 
correct  value  of  deviatior  w'ould  be 
assumed.  This  large  amount  of  de¬ 
viation  is  still  more  unlikely  to  occur 
and  it  would  be  at  once  apparent 
from  the  frequency  calibration  of 
the  receiver  dial  or  of  the  auxiliary 
oscillator  dial.  A  further  check  could 
be  carried  out  by  changing  the  mul¬ 
tivibrator  switch  from  the  10  to  the 
20  kc  position  and  noting  if  the 
auxiliary  signal  which  causes  the 
beat  in  operation  4  is  an  odd  or  even 
multiple  of  10  kc. 

The  difficulties  discussed  in  the 
preceding  three  paragraphs  would 
also  be  experienced  if  the  auxiliary 
oscillator  were  to  drift  in  frequency 
between  the  times  of  operations  2 
and  4  by  an  amount  comparable  to 
the  value  of  resultant  beat.  That  is, 
in  the  first  example  if  the  funda- 
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Schematic  wiring  diagram  of  the  complete  monitor  consisting  of  crystal  oscillator  and  oven,  multi¬ 
vibrator  frequency  multiplier,  auxiliary  oscillator  and  regulated  power  supply 


mental  of  the  auxiliary  were  to  drift 
downwards  333  cycles  between  oper¬ 
ations  2  and  4  an  erroneous  zero  beat 
would  he  obtained  at  the  completion 
of  operation  4.  Similarly,  in  ex¬ 
ample  2,  a  drift  of  666  cycles  upwards 
would  also  produce  an  erroneous  zero 
heat.  Such  a  possibility  is  conclu¬ 
sively  eliminated  if,  at  the  end  of 
operation  4,  the  receiver  is  retuned 
to  the  transmitter  and  a  recheck 
made  to  determine  that  the  auxiliary 
oscillator  harmonic  is  still  zero  beat- 
inpr  with  the  transmitter. 

Various  harmonics  of  the  auxiliary 
oscillator  may  he  used  in  operations 
2  and  3.  or  it  may  be  possible  to  heat 
the  transmitter  signal  directly 
against  the  signal  from  the  multivi¬ 
brator.  In  planning  the  procedure 
to  be  used  for  any  given  transmitter 
frequency,  the  frecjuency  of  the  audio 
beat  note  finally  obtained  at  the  end 
of  operation  4  is  of  course  the  most 
important  factor.  It  should  he  high 
enough  so  that  usual  amounts  of  devi¬ 
ation  will  not  cause  the  resultant 
beat  to  approach  zero  frequency.  It 
should  be  low  enough  to  permit  good 
accuracy  in  reading  the  frequency 
calibration  of  the  audio  oscillator, 
especially  if  the  higher  order  har¬ 
monics  are  used  in  operation  2. 

It  will  be  noted  that  during  a 
measurement  it  is  necessary  to  tune 
the  receiver  to  two  different  r-f  sig¬ 


nals.  In  the  first  case  it  is  to  be 
tuned  to  the  transmitter,  and  in  the 
second  case  to  the  auxiliary  oscilla¬ 
tor.  The  accuracy  with  which  this 
tuning  is  done  has  no  effect  upon 
the  accuracy  of  measurement  since 
the  receiver  is  used  in  both  cases 
merely  as  an  indicator  to  show  when 
two  independent  r-f  signals  are  in 
zero  beat  with  each  other.  When  the 
auxiliary  oscillator  signal  is  being 
made  to  zero  beat  with  the  transmit¬ 
ter,  careful  adjustment  of  the  auxili¬ 
ary  oscillator  frequency  will  produce  a 
flutter  in  the  receiver  response  which 
will  gradually  decrease  in  rapidity 
as  exact  zero  beat  is  approached. 
Adjustment  to  obtain  this  further 
and  to  bring  it  down  to  a  very  slow 
rate  of  change  is  a  refinement  in 
zero  beating  which  is  desirable  but 
not  necessary.  Tuning  to  simple  zero 
beat  .anywhere  below  15  to  20  cycles 
will  provide  an  accuracy  well  within 
the  lowest  tolerance. 

Probable  errors  of  measurement — 

1.  Error  due  to  incorrect  crystal  fre¬ 
quency  : 

The  greatest  variation  in  oven 
temperature  would  not  exceed  2 
degrees  Centigrade,  corresponding 
to  a  frequency  error  of  6  cycles  per 
megacycle.  The  highest  extension 
of  this  error  would  be  to  3000  kc, 
involving  a  net  error  of  18  cycles. 
This  assumes  that  the  crystal  oscil¬ 
lator  has  been  previously  calibrated 
against  a  dependable  standard  to 


assure  that  the  tank  tuning  con¬ 
denser  is  correctly  set. 

2.  Error  due  to  frequency  drift  of  the 
auxiliary  oscillator: 

The  accuracy  of  a  measurement 
depends  upon  freedom  from  drift 
from  the  time  of  operation  2  until 
the  completion  of  operation  5.  This 
should  not  require  more  than  2  or 
3  minutes  but  assume  that  ten 
minutes  is  used.  This  corresponds 
to  a  drift  of  the  fundamental  of 
approximately  20  cycles. 

The  net  error  in  this  case  will  de¬ 
pend  upon  the  order  of  harmonic 
used  in  operation  2,  and  will  be 
less  if  another  harmonic  is  used 
in  operation  3.  .\t  the  lower  trans¬ 
mitter  frequencies  where  the  toler¬ 
ance  is  less,  expressed  in  cycles, 
it  will  not  be  necessary  to  use  har¬ 
monics  higher  than  the  third  in 
operation  2. 

Accordingly,  if  the  fundamental 
drifts  20  cycles,  the  audio  beat 
will  be  wrong  by  20  cycles,  and 
the  error  in  quoting  the  deviation 
will  be  3  times  20  or  60  cycles. 
Regulation  of  the  power  supply 
prevents  appreciable  change  in 
auxiliary  oscillator  frequency 
when  the  MV  is  turned  on  at  the 
beginning  of  operation  4. 

3.  Error  due  to  improper  beating  of 
r-f  signals: 

The  operator  is  required  to  make 
one  r-f  adjustment  for  zero  beat 
in  operation  2.  If  the  flutter  ef¬ 
fect  is  used,  the  adjustment  can 
be  made  correct  to  within  one  cycle 
or  less.  By  tuning  to  simple  zero 
beat  the  harmonic  of  the  auxiliary 
will  be  correct  to  within  approxi- 
(Continued  on  pof/e  ;{:{) 
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The  piano  is  perhaps  the  closest 
approach  to  a  “new”  musical  in¬ 
strument  that  has  been  achieved  in 
recent  centuries.  It  was  based  on 
older  instruments,  going  all  the  w’ay 
back  to  the  harp  of  biblical  time. 
The  innovation  wrought  in  the  piano 
is  found  in  the  fact  that  its  strings 
are  struck  by  a  hammer  while  in  its 
predecessors  the  strings  were  plucked 
either  by  hand  or  by  mechanical  ar¬ 
rangements. 

Even  this  musical  infant,  the  piano 
(pianoforte)  dates  back  to  about  1700 
and  the  original  instrument  created 
at  that  time  bears  a  striking  like¬ 
ness  to  the  Grand  piano  of  today. 
The  instrument  has,  of  course,  been 
greatly  improved  since  then  but  these 
improvements  have  been  in  the  na¬ 
ture  of  refinements  rather  than  basic. 

During  the  past  forty  years  many 
efforts  have  been  made  to  develop 
fundamentally  new  instruments;  all 
without  any  marked  degree  of  suc¬ 
cess.  With  the  development  of  vac¬ 
uum  tubes  this  activity  increased 
tremendously. 

One  instrument  is  of  particular  in¬ 
terest  because  it  combines  the  old 
and  the  new  in  a  manner  which  pro¬ 
vides  the  important  factors  of  utility, 
versatility,  compactness  and  economy, 
and  by  no  means  the  least,  the  ordi¬ 
nary  playing  technique  of  the  piano. 
It  is  the  “Electone”,  developed  by 
Maurice  K.  Bretzfelder  of  Krakauer 
Brothers  piano  company  and  licensed 
under  the  Miessner  Patents. 

The  Electone  is  fundamentally  a 
piano  in  that  it  employs  standard  pi¬ 
ano  action,  strings  and  keyboard.  Its 
distinction  lies  in  its  ability  to  ef¬ 
fectively  simulate  numerous  instru¬ 
ments  including  the  organ  and  others 
of  the  wind,  reed  and  string  varieties. 

In  appearance  the  instrument  is 
identical  with  the  modern  Console 
piano;  the  normal  sound  board  is 
eliminated  however  and  pick-ups, 
amplifiers,  mixers,  loudspeaker  and 
other  electrical  devices  are  added  to 
provide  electrical  reproduction  and 
the  alteration  of  tone  characteristics 
necessary  in  the  reproduction  of  in¬ 
struments  other  than  the  piano. 

In  describing  its  operation  it  is 
more  simple  to  first  consider  its  oper¬ 
ation  as  a  piano.  The  strings  are 
actuated  in  an  entirely  normal  man¬ 
ner  but  due  to  the  absence  of  the 
sounding  board  the  direct  audible  re¬ 
sponse  is  negligible.  Instead,  the 
vibrations  are  translated  into  elec¬ 
trical  energy,  amplified  and  repro- 
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duced  through  the  medium  of  the 
loudspeaker. 

Certain  advantages  of  this  method 
of  reproduction  are  at  once  apparent. 
The  volume  range  is  limited,  for  in¬ 
stance,  only  by  the  gain  and  power 
handling  ability  of  the  amplifier  sys¬ 
tem;  and  within  this  range  by  a  con¬ 
ventional  volume  control.  Tone  is 
likewise  regulated  as  desired  by 
means  of  treble  and  bass  controls 
similar  to  those  employed  in  more 
ordinary  amplifier  applications,  pro¬ 
viding  for  the  first  time  some  ability 


to  adapt  the  tone  of  a  piano  to  the 
acoustics  of  the  room  in  which  it  is 
located.  Thus  with  this  small  piano 
the  volume  range  of  a  Grand  piano 
is  readily  attained  or  exceeded,  and  a 
degree  of  acoustic  adaptability  is 
provided. 

As  in  an  ordinary  piaro  the  rela¬ 
tive  volume  varies  with  the  touch  of 
the  player  on  the  keys  and  in  every 
other  respect  the  instrument  is 
played  as  any  other  piano  except  that 
the  tone  and  volume  controls  permit 
a  much  wider  range  of  expression. 


Detail!  of  piano  construction.  Aboye — note  phono  turntable  placed  in  bench 
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Fig.  1 — Controls  A  to  F  inside 
piano;  fully  variable  for  prelimU 
nary  adjustment.  Ten  "Timbre  Se¬ 
lector"  buttons  on  control  panel 
above  keyboard  provide  10  pre¬ 
selected  combinotions  of  A.  B  and 
C  with  D,  E  and  F  automatically 
co-ordinated  for  each.  Controls  G. 
I  and  I  are  on  keyboard  control 
panel:  H  is  foot  pedal.  Controls  K 
and  L  are  inside  piano  but  are 
duplicated  by  a  3-position  toggle 
switch  on  control  panel  which 
provides  choice  of  piano,  orgon 
or  plucked  string  envelopes.  Two 
such  switches  control  each  half 
of  keyboard  independently.  Equip¬ 
ment  to  left  of  dash  line  "X"  is 
duplicated  for  each  of  the  88 
strings,  a  switch  (5)  being  me¬ 
chanically  cormected  to  each  key. 
Figure  at  right — detail  of  polaris¬ 
ing  voltage  application. 


Still  further  variety  i.s  afforded  by 
the  inclu.sion  of  other  desijrn  refine¬ 
ments  .‘such  as  a  “sweH”  pedal,  an 
auxiliary  volume  control  device  by 
means  of  which  the  volume  of  sound 
may  be  made  to  increa.se  rather  than 
diminish  after  the  keys  have  been 
struck. 

Not  the  least  of  the.se  refinements 
i.s  inclusion  of  a  headphone  jack.  With 
crystal  headphones  plugged  in,  the 
loudspeaker  is  automatically  cut  out 
and  the  player  can  hear  himself  with¬ 
out  burdening  neighbors — even  in  the 
next  room. 

For  straight  piano  reproduction 
(plus  the  refinements  suggested)  a 
single  electrostatic  pick-up  at  the 
bridge  end  of  each  string  would 
serve  the  purpose  of  translation,  pick¬ 
ing  up  the  fundamental  and  harmon¬ 
ics  in  normal  proportion.  In  simulat¬ 
ing  other  instruments,  however,  it  is 
nece.ssary  to  alter  the  harmonic  com- 
lK)sition  and  in  the  Electone  this  is 
accomplished  by  the  u.se  of  three  tiny 
plates  distributed  along  each  string, 
making  a  total  of  264,  the  instrument 
having  88  notes. 

The  first  group  of  pick-ups  is  lo¬ 
cated  very  close  to  the  ends  of  the 
strings  and  therefore  close  to  a  node 
point  so  far  as  fundamental  vibra¬ 
tion  is  concerned.  While  these  pick¬ 
ups  are  likewise  close  to  the  common 
node  point  of  harmonic  vibrations, 
they  are  at  the  same  time  less  remote 
from  the  harmonic  antinodes,  espe¬ 
cially  those  of  the  higher  harmonics, 
and  the  overall  result  is  a  relative 
abundance  of  harmonics. 

The  second  set  of  plates  is  placed 
approximately  one-sixth  of  the  length 


up  the  .strings  and  the  third  set  at 
approximately  one-quarter  length.  At 
these  two  points  fundamental  pick-up 
is  about  equal  and  relatively  high  as 
compared  with  the  first  .set  of  plates. 
The  amplitude  of  other  harmonics 
differs  considerably  at  the  three  dif¬ 
ferent  positions.  Certain  harmonics 
that  are  strong  at  number  three  posi¬ 
tion  may  for  in.stance  be  totally  lack¬ 
ing  at  number  two  and  weak  at  num¬ 
ber  one  position.  With  other  har¬ 
monics  the  reverse  may  be  true. 

The  output  of  the  88  pick-ups  com¬ 
prising  each  .set  i.s  fed  to  a  preampli¬ 
fier  and  the  outputs  of  these  three 
amplifiers  are  in  turn  connected  into 
a  phasing  network  as  shown  above. 

By  means  of  this  network  the 
three  outputs  may  be  made  to  buck 
each  other  or  aid  each  other  in  any 
desired  degree  determined  by  the 
.setting  of  the  three  knobs  (A,  B  and 
C)  controlling  this  action.  Thus  the 
fundamental  may  be  accentuated  or 
suppressed  in  almost  any  degree  de¬ 
sired,  certain  harmonics  may  be  ac¬ 
centuated  while  other  harmonics  and 
the  fundamental  are  decreased,  etc. 


Placement  of  strings  in  piano 


Placement  of  the  three  sets  of 
pick-up  plates  is  determined  by  trial 
rather  than  with  a  foot  rule,  to  pro¬ 
vide  the  greatest  degree  of  phasing 
flexibility  and  therefore  the  widest 
variety  of  tone  composition.  To  the 
uninitiated  this  may  seem  a  lapse 
from  good  engineering  practice  but 
it  is  found  to  represent  a  short-cut 
readily  justified  by  the  results. 

In  this  multiple  pick-up  system,  a 
polarizing  voltage  is  applied  to  the 
strings  corresponding  to  the  dia¬ 
phragm  of  the  condenser  microphone 
while  the  three  small  plates  corre¬ 
spond  to  the  backplate.  These  plates 
are  actually  the  heads  of  machine 
screws  threaded  through  the  frame 
behind  the  strings  and  slotted  at  both 
ends  to  permit  adjustment  from  the 
rear  by  means  of  a  screw  driver. 
Their  spacing  from  the  strings  is 
such  as  to  provide  the  same  degree 
of  pick-up;  that  is,  those  located  at 
the  ends  of  the  strings  where  the 
amplitude  of  vibration  is  small  are 
turned  in  close  to  the  static  string, 
while  those  further  up  are  spaced 
further  away  to  allow  for  the  greater 
amplitude  of  vibration  which  occurs 
at  these  points. 

In  imitating  instruments  of  vari¬ 
ous  types  it  is  obvious  that  tone  com¬ 
position  variations  are  essential,  but 
likewise  obvious  that  the  sound  en¬ 
velope  pattern  is  equally  important. 
No  matter  how  perfectly  the  tone 
characteristics  of  an  organ  were  at¬ 
tained,  the  instrument  would  cer¬ 
tainly  not  sound  like  an  organ  if  each 
note  started  with  a  thump  as  it  does 
in  the  piano,  nor  could  a  banjo  be 
imitated  without  a  strong  initial 
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surge  such  as  occurs  when  a  string 
is  plucked. 

To  provide  for  these  differences  a 
polarizing  voltage  of  predetermined 
value  is  applied  to  all  strings  con¬ 
tinuously  through  individual  SPDT 
switches  mechanically  attached  to 
each  key.  When  a  note  is  struck  this 
switch  connects  another  polarizing 
voltage  to  the  string,  through  a  time 
delay  network  so  that  a  fraction  of  a 
second  elapses  before  the  altered 
voltage  becomes  effective.  The  values 
of  these  voltages  are  adjustable.  If 
the  normal  voltage  is  quite  low  and 
a  high  voltage  is  applied  to  the  other 
side  of  the  switch,  the  output  of  the 
electrostatic  pick-ups  will  be  low  for 
a  fraction  of  a  second  after  a  note 
has  been  struck,  then  will  increase 
after  a  lapse  of  time  corresponding 
to  the  delay  period  of  the  network. 
Reversing  the  voltages;  i.  e.,  making 
the  normal  voltage  higher  than  the 
other,  will  reverse  this  action. 

In  piano  reproduction,  the  two  vol¬ 
tages  are  made  equal  by  similar  ad¬ 
justments  of  controls  K  and  L,  and 
there  is  no  delay  action.  In  organ 
reproduction  on  the  other  hand,  the 
normal  voltage  is  made  low  and  the 
second  voltage  high.  The  result  is 
that  while  the  strong  vibration  of 
the  hammer  blow  is  taking  place  the 
pick-ups  are  relatively  insensitive  but 
by  the  time  this  initial  surge  has 
diminished  to  normal  sustained  level 
the  delay  circuit  has  allowed  the 
higher  polarizing  voltage  to  be  ap¬ 
plied  to  the  string  and  the  corre¬ 
spondingly  higher  sensitivity  of  the 
pick-ups  maintains  the  same  sound 
level  as  before,  providing  the  polariz¬ 
ing  voltages  and  the  delay  circuit 
constants  have  been  properly  selected. 
The  envelope  pattern  in  this  case  is 
thus  made  rectangular. 

By  making  the  normal  voltage 


higher  the  piano  thump  is  accentu¬ 
ated  to  correspond  to  the  still  higher 
initial  surge  of  a  plucked  string.  The 
ratio  of  sustained  amplitude  to  initial 
amplitude  varies  with  different  types 
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of  plucked  instruments  but  the  two 
polarizing  voltages  are  readily  ad¬ 
justed  to  meet  any  requirements. 

Inside  of  the  piano,  knobs  are  pro¬ 
vided  for  varying  these  voltages,  for 
phasing  or  mixing,  for  treble  and 
bass  attenuation,  etc.  But  the  player 
cannot  be  expected  to  have  either  the 
ability  or  the  patience  required  to  bal¬ 
ance  these  various  controls  against 
each  other  to  obtain  realistic  perfor¬ 
mance  in  imitating  any  particular  in¬ 
strument  which  he  might  desire  at 
the  moment.  Certainly  if  he  is  play¬ 
ing  a  piano  selection  and  wishes  to 
interpolate  a  passage  from  another 
instrument  he  cannot  stop  to  make 
these  adjustments. 

The  designers  have  therefore  pro¬ 
vided  means  on  the  front  of  the  in- 

ControU  correspond  with  controls 
A.  B  and  C  of  Fig.  1.  "o"  =  bridge 
balance  point:  not  necessarily  mid¬ 
point 


strument,  just  above  the  keyboard 
for  instantaneous  alteration  of  both 
the  tone  character  (timbre)  and  the 
envelope.  At  the  right  is  a  group  of 
ten  push-buttons  which  constitute  the 


timbre  selectors.  These  buttons  op¬ 
erate  a  10-position,  6-gang  switch  by 
means  of  which  not  only  is  the  de¬ 
sired  tone  characteristic  obtained  but 
the  volume  and  tone  controls  are  au¬ 
tomatically  adjusted  to  correspond. 

Above  the  keyboard  to  the  left  are 
two  3-way  toggle  switches.  These 
are  the  envelope  selectors  providing 
the  choice  between  piano,  organ  and 
“plucked”  reproduction  and  corre¬ 
spond  to  three  preadjusted  positions 
of  controls  K  and  L.  Each  switch 
controls  half  the  keyboard,  making 
it  possible  to  duplicate  one  instru¬ 
ment  with  half  the  keyboard  and 
play  the  piano  accompaniment  with 
the  other  half. 

Beside  these  switches  is  the  master 
gain  control  (G)  by  means  of  which 
the  overall  volume  may  be  regulated 
at  will.  The  foot  controls  are  identi¬ 
cal  with  those  of  the  normal  piano 
except  that  the  “swell”  pedal  (H)  re¬ 
ferred  to  before  has  been  added. 

While  this  instrument  as  described 
provides  a  tremendous  variety  and 
flexibility,  its  designers  felt  that  it 
would  provide  still  greater  utility  in 
the  home,  meeting  all  demands  for 
home  music  and  entertainment,  if 
radio  and  phonograph  v  ere  included. 
A  push-button  radio  tuner  is  there¬ 
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Placement  oi  pickup  plates  along  string  for  yarious  tonal  effects 


TONE  (Timbre)  j 

♦  MIXING 
POSITIONS 

Composition 

A 

B 

c 

Natural  Piano . 

+  10 

-10 

0 

0 

0 

0  ' 

Normal  piano 

±10 

+  10  i 

-10 

Harmonics  accentuated 

±10 

-10 

+  10 

Fundamental  down 

Round 

+  10 

•  +10 

+  10 

Fundamental  and  harmonics 

-10 

-10 

1  -10 

up;  fundamental  stressed 

Woody,  Thud-like. 

0 

+  10 

+  10 

Fundamental  up, 

i  0 

i  -10 

1  -10 

Harmonics  down 

*  Only  extreme  positions  shown.  Intermediate  settings  provide 
unlimited  additional  variations 


fore  built  into  the  piano  itself  and 
a  phonograph  turntable  and  pick-up 
are  incorporated  in  the  bench.  Both 
utilize  the  amplifier  system  of  the 
piano. 

Provision  is  also  made  for  the  use 
of  additional  loudspeakers,  to  be 
mounted  externally  where  the  instru¬ 
ment  is  to  be  used  in  the  open  or  in 
indoor  areas  too  large  to  be  com¬ 
fortably  covered  by  a  single  speaker. 
It  is  pointed  out  that  in  restaurants 
it  is  usually  desirable  to  distribute 
sound  at  relatively  low  level  from 
several  speakers  rather  than  at  high 
level  from  one  point. 
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Transmission  Line  Calculator 


Transmission  ime  probifins  art 

grreatly  simplified  if  the  line  is  ter¬ 
minated  by  an  impedance  equal  to  its 
characteristic  impedance.  Standing 
waves  of  current  and  voltafre  are  then 
eliminated,  and  if  losses  are  neglected, 
the  input  impedance,  current,  and  vol¬ 
tage  at  all  points  along  the  line  are 
constant.  Computations  for  the  current 
and  voltage  under  these  conditions  are 
ba.sed  simply  on  Ohm’s  law.  In  com¬ 
munication  systems  this  special  condi¬ 
tion  is  usually  considered  most  con¬ 
ducive  to  efficient  trouble-free  operation. 

There  has  long  Ikhui  a  need  for  a 
simple  means,  without  recourse  to 
lengthy  computations,  for  evaluating 
the  impedance,  current,  and  voltage  at 
any  chosen  point  along  radio-frequency 
transmission  lines  in  terms  of  specific 
values  of  the  .several  transmission  line 
parameters.  This  has  led  to  the  develop¬ 
ment  of  a  special  radio-fre(iuency  trans¬ 
mission-line  calculator  for  solving  many 
ordinary  transmission-line  problems. 

There  are  four  factors  that  generally 
enter  the  solution  of  problems  involving 
the  changing  input  impedance  along  a 
line.  These  are  the  characteristic  im-, 
pedange  of  the  line,  th^lqad  impedance, 
the  length  of  the  line,  and  the  input 
impedance.  If  any  three  of  these  are 
known,  the  fourth  may  be  found  from 
the  relationship: 

7=7 

*  [Z.  4- jZ,  tan  2tL  J 

Where  ^  is  the  length  of  the  line  in 
wavelengths^  1^  is  its  characteristic 
impedance,  which  Tor  Tow-loss  radio¬ 
frequency  lines  is  essentially  a  pure 


BY  l\  H.  SMITH 

h'lidin  Jh  I  i  i'jiimrnl  Jh /Hirl ini  iil 
Ht'll  'J'clfiihiinv  Jjiibonilurii  M 

resistance,  (Zr  i£  the  load  impedance, 
andfZ„  is  the  input  impedance. 

The  independent  variable  Z„  will  be  a 
constant  for  any  particular  line,  and 
consequently  may  conveniently  be  com¬ 
bined  with  Z*  and  Zr  in  the  form  of  a 
ratio.  With  this  transformation,  the 
etjuation  becomes: 

7  7  _  Z,  Z.  +  j  tan  '2irL 
I  jiZ,,  Z.)  tan  27rZ 

For  any  one  value  of  ZrlZ„  substi¬ 
tuted  in  this  equation  a  series  of  values 
for  ZglZ„  can  be  plotted  for  various 
values  of  L  from  zera  up  to  one-half 
wavelength.  Because  L  appears  in  the 
equation  as  an  arc  tangent,  the  curve 
will  repeat  it.self  for  every  half  wave¬ 
length.  If  such  a  curve  is  plotted  on  a 
rectangular  coordinate  system  with  the 
resistance  components  along  the  ab¬ 
scissa  axis  and  the  reactance  compo¬ 
nents  along  the  ordinate  axis,  it  will 
be  found  to  be  a  circle  with  its  center 
on  the  resistance  axis.  For  other  values 
of  Zf/Zo  other  curves  could  be  drawn, 
and  all  would  likewise  be  found  to  be 
circles  with  their  centers  on  the  re¬ 
sistance  axis,  but  they  would  not  be 
concentric.  Such  a  set  of  curves  is 
shown  in  Fig.  1. 

Each  of  these  curves,  however,  repre¬ 
sents  more  than  a  single  value  of  Zr/Zg. 
At  the  load  end  of  the  line,  for  example, 
where  L  =  0,  Z,  will  be  equal  to  Zr, 
which  determines  one  point  on  the 
curve.  Obviously  every  other  point  on 


the  curve  corresponds  to  another  value 
of  Zr,  when  L  is  taken  as  zero  at  that 
point.  This  other  value  of  Zr,  when 
substituted  in  the  above  equation,  will 
give  the  same  curve  but  with  a  different 
position  for  the  point  of  L  =  0.  These 
curves,  therefore,  cannot  be  completely 
designated  by  a  single  value  of  ZyiZg. 
U  will  be  noted,  however,  that  each 
curve  gives  a  minimum  and  maximum 
value  of  Z^rZg  which  are  the  two  points 
where  the  curve  crosses  the  resistance 
axis.  The  ratio  of  the  minimum  to  the 
maximum  value  of  ZJZg,  which  is  the 
same  as  the  ratio  of  minimum  to  maxi¬ 
mum  Z*,  is  different  for  each  curve,  so 
that  each  may  be  designated  by  the 
ratio  of  minimum  to  maximum  input 
impedance  that  is  peculiar  to  it.  Each 
circle  thus  represents  the  input  im¬ 
pedance  over  a  half  wavelength  section 
for  a  family  of  transmission  lines  of 
various  values  of  characteristic  and 
load  impedances,  but  alike  in  having  the 
same  ratio  of  minimum  to  maximum 
impedance.  The  ratios  of  minimum  to 
maximum  current  or  voltage  will  also 
be  the  same  for  any  transmission  line 
represented  by  a  single  curve,  and  may 
be  designated  by  p,  and  these  values  of 
P  are  marked  on  the  curves. 

The  points  of  minimum  and  maximum 
impedance  on  each  curve  are  one-quar¬ 
ter  wavelength  apart,  and  all  other 
points  on  the  curves  may  be  indi¬ 
cated  as  fractional  wavelengths  from 
the  points  of  minimum  or  maximum 
impedance,  as  marked  on  the  curves. 
If  the  points  on  the  various  curves 
at  the  same  distance  from  the  points 
of  maximum  impedance  are  connected 
by  a  line,  the  plot  will  appear  as  in 


Fig*  1 — Rectangular  co-ordinate  system  forming  the  basis 
of  the  transmission  line  calculator.  Resistance  components 
plotted  along  abscissa;  reactive  components  along  the 
ordinates 


Fig.  2 — Rectangular  co-ordinate  system  similar  to  Fig.  1. 
but  with  dotted  curves  representing  the  locus  of  points  at 
specified  distances  from  the  point  of  maximum  impedomce 
of  the  line 
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Fiff.  2.  These  distance  curves  are 
also  circles;  their  centers  are  on  the 
reactance  axis  and  they  intersect  the 
original  family  of  circles  at  right  an¬ 
gles.  Each  of  the  these  curves  is 
marked  with  a  value  for  L  which  rep¬ 
resents  the  distance  in  wavelengths 
to  the  point  of  maximum  impedance. 

Such  a  set  of  curves  could  be  used 
to  solve  various  transmission  line  prob¬ 
lems.  Assume,  for  example,  that  the 
resistance  component  of  the  load  im¬ 
pedance  was  2.7Zo  and  the  reactance 
component  of  the  load  impedance  was 
— 0.9Zo.  This  value  of  impedance  is 
found  to  lie  on  the  circle  marked 
P  =  0.333.  The  intersection  at  this 
point  of  the  circle  marked  L=  0.02 
simply  indicates  the  distance  to  an 
arbitrary  reference  point  where  the 
impedance  is  maximum.  This  point 
on  the  curve  actually  represents  the 
conditions  at  the  load  end  of  the 
line — where  L=  0.  The  impedance  at 
any  other  point,  for  example  .08  wave¬ 
lengths  toward  the  generator,  may  be 
found  by  following  clockwise  around  the 
circle  marked  p  =  0.333  the  required 
distance  to  the  intersecting  circle  where 
A  =  (0.02-1- 0.08),  or  0.10.  At  this 
point  the  impedance  wdll  be  found  to 
be  O.SZo — j  l.OZo- 

This  information  may  be  arranged 
in  a  much  more  convenient  form,  how¬ 
ever,  by  a  transformation  of  coordi¬ 
nates  that  converts  the  rectangular 
mesh  of  resistance  and  reactance  coor¬ 
dinates  into  coordinates  comprising 
two  families  of  circles  intersecting  each 
other  at  right  angles.  If  the  curves  of 
constant  p,  and  constant  L  were  plotted 
on  these  transformed  coordinates,  the 
p  curves  would  be  found  to  be  concen¬ 
tric  circles  and  the  L  curves  would  be 
equally  spaced  straight  lines  radiating 
from  the  center  of  the  p  circles.  In¬ 
stead  of  actually  plotting  the  curves, 
however,  an  arm  may  be  pivoted  at  the 
center  of  the  p  circles,  and  by  provid¬ 
ing  a  slide  on  this  arm,  any  of  the 
P  circles  may  be  described  merely  by 
rotating  the  arm  with  the  slide  fixed 
in  the  proper  position.  By  the  addi¬ 
tion  of  an  adjustable  distance  or  L 
scale  around  the  periphery,  the  im¬ 
pedance  at  any  point  along  the  line 
may  be  readily  determined. 

A  calculator  of  this  type  has  been 
constructed  to  facilitate  the  solution 
of  transmission-line  problems,  and  is 
shown  in  Fig.  3.  The  resistance  and 
reactance  coordinates  are  marked  as  a 
ratio  to  Zo',  thus  a  marking  of  1.6  on 
a  resistance  circle  means  a  resistance 
of  1.6  times  Z^.  The  arm  is  graduated 
with  a  scale  for  p,  and  so  the  slide  can 
be  set  to  any  desired  value.  The  dis¬ 
tance  scale,  which  rotates  around  the 
periphery  of  the  diagram,  is  marked 
from  0  to  0.5  wavelength  by  two  scales 
reading  in  opposite  direction,  so  that 
distance  can  be  read  in  either  direction 
from  any  initial  starting  point  on  the 
coordinate  system. 

In  using  this  calculator  the  length 
of  the  line  and  its  characteristic  im¬ 
pedance,  Zo,  will,  for  example,  be  known. 
If  in  addition  both  the  resistance  and 
reactance  components  of  the  impedance 


at  any  point  of  the  line  are  known,  the 
values  of  the  impedance  at  all  other 
points,  including  the  input  impedance, 
and  the  location  of  the  points  of  mini¬ 
mum  and  maximum  impedance,  current, 
or  voltage,  are  readily  found. 

Assume  for  example  that  the  load 
impedance  is  known.  The  correspond¬ 
ing  impedance  point  would  be  located  on 
the  coordinates  of  the  calculator,  and 
the  arm  and  slide  would  be  moved  until 
the  center  line  of  the  arm  and  the 
cross  line  of  the  slide  intersected  over 
this  point.  The  ratio  of  minimum  to 
maximum  voltage,  or  current  could 
then  be  read  directly  from  the  scales 
on  the  arm.  The  zero  point  of  the 
outer  distance  scale  would  then  be  set 
under  the  center  line  of  the  arm,  and 
the  distance  to  the  resistance  axis  of 
the  calculator,  corresponding  to  zero 
reactance,  would  then  be  the  distance 
to  the  nearest  point  of  minimum  or 
maximum  impedance.  Here  the  im¬ 
pedance  is  a  pure  resistance,  and  the 
distance  to  this  point  is  read  on  the 
distance  scale  in  wavelengths.  The 
value  of  this  minimum  or  maximum 
resistance  is  determined  by  moving  the 
arm  to  this  position  and  reading  the 
value  under  the  line  on  the  slide.  The 
impedance  at  any  other  point,  which 
might  be  the  input  end  of  the  line,  is 
found  by  moving  the  arm  the  required 
distance  and  reading  under  the  inter¬ 
section  of  slide  and  arm.  If  the  dis¬ 
tance  were  more  than  a  half  wave¬ 
length,  one  or  more  half  wavelengths 
would,  before  moving  the  arm  of  the 
calculator,  have  to  he  subtracted  from 


the  total  distance  so  that  the  remain¬ 
ing  equivalent  distance  will  be  less 
than  a  half  wavelength. 

At  the  load  end  of  the  line  the  im¬ 
pedance  is  Zr,  and  this  same  value  of 
impedance  will  be  found  every  half 
wavelength  down  the  line  as  indicated 
in  Fig.  4,  where  the  successive  points 
where  Z  =  Z,  are  marked.  Between  any 
two  such  points  there  will  be  a  point 
of  minimum  impedance,  and  one  of 
maximum  impedance.  At  these  points 
the  impedance  is  a  pure  resistance. 
These  points,  which  are  represented 
on  the  calculator  by  the  transverse  axis 
of  zero  reactance,  are  always  a  quar¬ 
ter  wavelength  apart.  The  distance 
between  them  and  any  other  point  may 
be  read  from  the  distance  scale. 

For  most  radio  frequency  transmis¬ 


sion  lines  where  the  insulating  medium 
lietween  conductors  is  chiefly  air  and 
the  attenuation  is  negligible,  the  ve¬ 
locity  of  transmission  is  practically  the 
same  as  that  of  light.  The  distance 
scale  around  the  edge  of  the  calcu¬ 
lator  is  laid  out  in  terms  of  wave¬ 
lengths  as  measured  on  the  transmis¬ 
sion  line.  For  transmission  lines  hav¬ 
ing  considerable  attenuation  and  espe¬ 
cially  those  having  an  appreciable 
amount  of  high  dielectric  insulating 
material  interposed  between  conduc¬ 
tors,  there  may  be  a  marked  reduction 
in  the  velocity  of  transmission,  and  a 
correction  factor  must  be  applied  to  the 
distance  scale.  This  correction  is  pro¬ 
portional  to  the  reduction  in  the  velocity 
of  transmission  which  can  be  meas¬ 
ured  or  computed  from  line  constants. 

To  extend  the  utility  of  the  calcu¬ 
lator  to  audio-frequency  telephone 
lines  or  to  other  transmission  lines, 
which  may  have  an  over-all  attenuation 
up  to  15  dtH;ibels,  an  attenuation  scale 
expressed  in  1  decibel  intervals  is  pro¬ 
vided  along  the  adjustable  arm.  The 
zero  point  along  this  scale  will  be  vari¬ 
able  and  consequently,  the  scale  inter¬ 
vals  are  not  numbered.  For  any  par¬ 
ticular  problem,  however,  the  zero 
point  will  be  found  where  the  sliding 
cro.ss-hair  on  the  arm  intersects  the 
scale  when  the  slider  is  first  adjusted 
to  any  known  transmission  line  im¬ 
pedance.  If  the  problem  subsequently 
requires  a  movement  of  the  rotatable 
arm  along  the  distance  scale  “toward 
generator,”  the  attenuation  scale  will 
extend  from  this  zero  point  in  the  direc¬ 


tion  of  the  center  of  the  calculator,  or 
vice  versa,  as  is  indicated  on  the  scale. 
It  is  necessary  only  to  count  off  the 
required  number  of  decibels  along  the 
scale.  Moreover,  if  the  input  imped¬ 
ance  at  any  two  points  along  a  trans¬ 
mission  line  is  known,  the  attenuation 
of  the  line  can  be  obtained  directly 
from  this  scale.  This  will  be  indicated 
by  the  number  of  decibel  intervals 
along  this  scale  which  the  slider  moves 
across  when  going  from  one  impedance 
setting  to  the  other.  It  should  be  notd, 
however,  that  for  lines  with  reduced 
velocity  and  appreciable  attenuation, 
the  characteristic  impedance  Zq  may 
be  complex,  and  the  complex  value 
should  then  be  used  to  obtain  the  im¬ 
pedance  quotients  expressed  as  coor¬ 
dinates  on  the  calculator. 


Fig.  4 — Distance-impedance  diagram  for  loaded  transmis¬ 
sion  line 
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—Circular  form  ol  transmission  line  calculotor.  The  arm,  shown  below,  is  to  be  pivoted  at  the  center 
ol  the  circular  chart.  For  convenience,  a  transporent  slide  may  be  slipped  on  the  rotating  arm 


^PlVOT  AT  CENTER  OF  CALCULATOR 


GENERATOR 


LOAD 


transparent 

SLIDER  FOR  ARM 
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Multilayer  Coil  Inductance  Chart 


Desijni  of  multilayer  inductance  coils  simplified  through  the  use  of  families  of  curves  relating 
various  parameters  of  coil  design.  Form  of  chart  lends  itself  readily  to  the  solution  of  manv 
types  of  design  problems 


The  design  of  multilayer  coils  for 
a  specified  inductance  presents 
difficulties  because  of  the  complexity 
of  the  equations  derived  to  apply  to 
such  cases,  and  because  of  the  large 
number  of  factors  which  must  be  con¬ 
sidered  since  they  affect  the  induct¬ 
ance.  These  factors  include  the  inner 
and  outer  diameters  of  the  coil,  the 
thickness  of  the  coil  winding,  the 
shape  of  the  cross  sectional  area  of 
the  windings,  and  the  space  factor  of 
the  windings.  A  number  of  equations 
have  been  developed  for  the  deter¬ 
mination  of  inductance  for  multilayer 
windings,  but  a  considerable  saving 
of  time  may  be  effected  through  the 
use  of  the  accompanying  chart, 
which,  upon  measurement  on  a  large 
number  of  coils,  has  been  found  to  be 
accurate  to  within  except  in  a 
few  exceptional  cases.* 

In  the  design  of  this  chart,  the 
variable  factors  selected  are: 

A  =  BC  —  cross  .sectional  area  of 
the  coil  winding  in  square 
inches 

B  =  width  of  coil  winding,  or  cam 
width,  in  inches 

C  =  depth  of  coil  winding  in  inches 
d  =  the  outer  diameter  of  the  wire 
plus  its  insulation,  and 
N  =  the  number  of  turns  of  the 
coil. 

When  these  factors  are  known,  the 
chart  may  be  u.sed  to  determine  the 
value  of  L  AT*,  and  since  N  is  known, 
the  inductance  in  michrohenries  may 
then  be  determined. 

The  cross  sectional  area  of  the 
coil.  A,  is  determined  by  the  diameter 
of  the  wire,  d,  and  the  number  of 
turns,  N,  from  the  relation,  A  = 
K  d^  N  where  K  is  the  space  factor 
of  the  winding.  The  numerical  value 
for  K  is  usually  about  1.25,  but  this 
will  vary  with  the  adjustments  of  the 

*  This  chart  Is  based  on  equations  157  and 
ISS,  imites  and  ‘J58  of  "Radio  Instru¬ 

ments  and  Measurements”  (Bureau  of  Stand- 
mrd»,  ('irrular  So.  Hf  which  have  been  re- 
arranited  into  a  form  more  suitable  for  use 
in  tb*  deslim  of  a  practleai  chart. 
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winding  machine,  such  as  the  tension 
of  the  wire  during  winding,  and  the 
number  of  turns  per  layer.  For¬ 
tunately,  variations  in  K,  and  hence 
in  .4  cause  much  let^s  than  a  propor¬ 
tionate  variation  in  the  inductance. 
Consequently  it  will  seldom  be  neces¬ 
sary  to  use  a  value  of  K  other  than 
1.25  which  has  been  found  to  be  quite 
.satisfactory. 

In  the  above  equation,  the  value 
for  d  for  ordinary  w’ire  is  merely  the 
overall  diameter  of  the  wire  plus  its 
in.sulation.  For  litzendraht  wire,  d 
may  be  taken  as  the  overall  diameter 
of  a  close  .symmetrical  grouping,  plus 
insulation.  The  relation  betw’een  the 
number  of  strands,  S,  and  the  over¬ 
all  diameter  of  the  litzendraht  with¬ 
out  silk*  or  cotton  insulation,  is 
shown  in  the  following  table: 

S  do 

3  2.16  d, 

5  2.7  d, 

7  3.0  d, 

where  d,  is  the  diameter  of  each 
strand  with  its  enamel  insulation. 

The  inductance  chart  is  designed 
in  the  form  of  several  families  of 
curves.  Each  family  of  curves  cor¬ 
responds  to  a  different  coil  width,  B, 
so  that  the  w  idth  of  the  coil  winding 
determines  which  family  of  curves  is 
to  be  used  in  any  design  problem. 
The  particular  curves  in  any  given 
family  which  are  required  for  de¬ 
sign  purposes  depends  upon  the 
area  of  the  coil  winding,  A,  the  inner 
diameter  of  the  coil  form,  D,  as  well 
as  upon  the  shape  factors  D/C  or 
C  B.  The  values  of  A  are  plotted  as 
abscissa  and  the  values  of  L/N*  as 
ordinates  on  the  main  set  of  co-ordi¬ 
nates.  Values  for  the  coil  width  are 
indicated  by  the  letter  B  at  the  right 
of  each  family,  whereas  the  value  of 
the  inner  coil  diameter,  D,  for  the 
almost  horizontal  lines  is  given  at 


the  left  of  each  family  of  curv’es.  The 
shape  factor  C/B  is  given  as  auxili¬ 
ary  ab.scissa,  w'hile  the  shape  factor 
D/C  is  indicated  by  the  almost 
straight  lines  at  an  angle  of  approx¬ 
imately  45°  w’ith  the  main  co-ordinate 
system. 

Values  of  the  parameters  and  con¬ 
tours  have  been  indicated  by  arrow¬ 
heads  on  the  corresponding  curves  or 
lines  to  eliminate  any  possible  con¬ 
fusion  as  to  their  reference.  The 
ordinate  scales  for  the  upper  and 
lower  families  of  curves  will  be  found 
at  the  left  side  of  the  chart.  The 
absci.ssa  scale  for  all  the  left  hand 
families  of  curves  is  along  the  lower 
edge,  and  that  for  the  right  hand 
families  of  curves  is  along  the  right 
edge  of  the  chart.  The  abscissa  scale 
for  the  center  family  of  curves 
{B  =  i)  is  directly  below  these 
curves.  Interpolation  may  be  used,  of 
course,  within  or  immediately  outside 
of  the  range  of  the  chart  plotted. 

The  chart  applies  to  coils  whose 
inner  diameter,  D,  lies  between  0.375 
to  2  inches  in  coil  widths  of  from 
3/32  to  i  inch,  and  from  diameters 
of  from  0.5  to  2  inches  in  coil  widths 
of  from  i  to  ^  inch.  One  family  of 
curves  gives  data  for  coils  having 
values  of  D  between  1  inch  and  2 
inches,  for  a  coil  width  of  J  inch. 

The  flexibility  of  this  chart  pro¬ 
vides  for  the  solution  of  several  tjT)es 
of  problems.  The  utility  of  the  chart 
may  be  appreciated  from  the  follow¬ 
ing  table  which  shows  the  variety  of 
coil  calculations  which  may  be  made. 

Specified  Chosen  To  be  determined 

1.  Inductance  wire  size  depth  of  winding 
coll  diameter  coll  or  cam  number  of  turns 

width 

2.  Inductance  coil  or  cam  wire  aize 

overall  width  number  of  turns 

diameter  coil  diameter 
depth  of 
winding 
shape  factors 

3.  Inductance  wire  size  coil  or  cam  width 
shape  factors  coil  diameter  number  of  turns 

depth  of 
winding 

4.  Inductance  number  of  turns 

shape  factors  wire  size 

coU  diameter 
coil  or  cam 
width 

As  examples  of  the  use  of  this 
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Television  Deflect¬ 
ing  Circuits 

(Continued  from  page  21) 

The  vertical  output  tube  is  a  tri- 
ode  in  the  experimental  receiver  of 
Fipr.  2.  The  plate  impedance  of  the 
tube  is,  therefore,  lower.  Also  the 
inductance  in  the  plate  circuit  is 
higher  due  to  the  much  lower  oper¬ 
ating  frequency.  The  voltage  w'ave 
required  on  the  grid  of  the  vertical 
output  tube  is,  therefore,  that  re¬ 
quired  to  drive  a  sawtooth  of  cur¬ 
rent  through  a  resistance  and  in¬ 
ductance  in  series,  such  as  that 
shown  at  D  in  Fig.  3.  To  generate 
this  type  of  a  wave  in  the  discharge 
tube  circuit  a  resistor  may  be  placed 
in  series  with  the  charging  capaci¬ 
tor,  indicated  by  the  “Vertical  Peak¬ 
ing”  control  on  Fig.  2.  Adjusting 
the  value  of  this  resistor  changes 
the  amplitude  of  the  impulse  relative 
to  the  sawtooth  component. 

Because  of  the  lower  operating 
frequency  of  the  vertical  no  damping 
is  required  across  the  coil  to  prevent 
transients,  so  no  damping  tube  is  re¬ 
quired.  They  return  line  require¬ 
ments  are  much  more  easily  met  in 
the  vertical  than  in  the  horizontal. 

In  this  series  of  articles  all  the 
components  of  a  television  receiver 
except  the  power  supplies  have  been 
discussed.  In  the  next  article  the 
power  supplies  will  be  discussed,  and 
some  aspects  of  the  complete  receiver 
will  be  described. 


Initial  Drift 
in  Photocells 

(Continued  from  page  15) 

varying  four  times  as  rapidly  as  the 
filament  current,  the  intensity  could 
be  adjusted  to  0.01  per  cent.  Allowing 
for  experimental  inaccuracies,  any 
drift  in  illumination  could  scarcely 
have  exceeded  0.1  per  cent. 

To  minimize  temperature  drift,  a 
column  of  distilled  water  in  a  cylin¬ 
drical  glass  vessel  at  room  tempera¬ 
ture  was  interposed  in  the  path  of 
light  so  that  its  great  heat  capacity 
would  tend  to  stabilize  the  thermal 
system.  Also,  it  was  capable  of  ab¬ 
sorbing  a  large  part  of  the  long- 
wavelength  end  of  the  spectrum. 

Currents  delivered  by  the  cell  were 
read  by  a  conventional  microam¬ 
meter,  values  being  estimated  to 
approximately  0.1  per  cent.  The 


apparatus  could  be  manipulated  in 
such  manner  that  a  first  significant 
reading  could  be  obtained  20  seconds 
after  the  cell  was  exposed.  The  sec¬ 
ond  reading  was  taken  at  the  end  of 
the  first  minute  and  so  on  at  intervals 
of  one  minute.  No  cell  was  exposed 
for  a  series  until  it  had  had  a  24 
hour  recovery  period  in  the  dark. 
Readings  for  the  five  cells  for  a  given 
load  resistance  were  repeated  on  a 
later  day,  so  that  ten  sets  of  data 
were  available  for  obtaining  the 
separate  curves  plotted  in  Fig.  2. 

It  will  be  observed  that  there  is  a 
slight  negative  drift  for  short-circuit 
conditions  and  a  slight  positive  drift 
for  open-circuit  conditions.  For  in¬ 
termediate  values  of  load  resistance, 
the  drift  appears  to  be  at  least  as 
small  as  the  experimental  uncertain¬ 
ties  of  measurement.  Circuit  resist¬ 
ances  which  are  generally  recom¬ 
mended  for  these  cells  to  minimize 
the  effective  temperature  coefficient 
and  to  obtain  maximum  power  output 
are  from  1000  to  2000  ohms.  There¬ 
fore,  in  normal  circuits  the  initial 
drift  in  Photox  cells  is  negligible. 

In  Fig.  2  are  added  two  curves  of 
initial  drift  for  a  widely  used  selen¬ 
ium  cell  which  is  known  to  have  a 
good  degree  of  permanence.  The  data 
for  these  curves  were  measured  under 
the  same  conditions  as  for  the  copper- 
oxide  cells,  but  show  a  different  order 
of  magnitude  of  drift. 


MOVIES  ON  WHEELS 


Spacious  portable  proiection  truck 
for  Roumanian  theater  is  used  to 
giro  outdoor  motion  picture  per¬ 
formances.  A  50-watt  amplifier  is 
used  to  feed  the  loud  speaker  sys¬ 
tem.  The  engine  is  used  to  drire 
a  generator  for  supplying  the  re¬ 
quired  electrical  power 


Monitoring  Unit 
for  Relay  Broad¬ 
casting  Stations 

(Continued  from  page  25) 

mately  20  cycles,  and  the  net  error 
will  be  20  cycles. 

4.  Error  of  measurement  with  the 
audio  oscillator: 

(a)  Commercially  built  oscillators  such 
as  those  which  are  calibrated  with 
a  vibrating  reed,  have  a  rated  ac¬ 
curacy  of  2^c. 

The  net  error  from  this  source 
will  also  depend  upon  the  order 
of  harmonic  used  in  operation  2, 
and  will  be  less  if  another  harmonic 
is  used  in  operation  3.  Further  it 
will  be  proportional  to  the  fre¬ 
quency  of  the  audio  beat.  At  the 
lower  transmitter  frequencies,  the 
error  need  not  exceed  that  repre¬ 
sented  by  use  of  the  third  harmonic 
of  the  auxiliary  in  operation  2 
with  a  resultant  audio  beat  of 
1000  cycles. 

Accordingly,  if  the  1000  cycle  beat 
is  measured  to  within  2%,  or  20 
cycles,  the  deviation  will  be  quoted 
with  an  error  of  3  times  20  or  00 
cycles. 

(b)  The  zero  beat  adjustment  between 
the  audio  tones  can  be  made  with¬ 
out  difficulty  to  within  less  than 
1  cycle. 

(c)  The  accuracy  with  which  the  fre¬ 
quency  calibration  of  the  audio 
oscillator  can  be  read  and  its  ef¬ 
fect  upon  the  w’hole  measurement 
is  determined  by  the  same  factors 
mentioned  in  part  (a)  above. 

At  1000  cycles,  the  oscillator  dial 
should  be  readable  to  the  closest 
25  cycles;  the  net  error  from  this 
source  is  then  3  times  25  or  75 
cycles. 

Total  expected  error — 

Error  due  to  incorrect  crys¬ 
tal  frequency  18  cycles 

Frequency  drift  of  auxiliary 

oscillator  60  cycles 

Improper  zero  beat  at  r.f.  20  cycles 

Error  in  audio  oscillator  60  cycles 

Error  in  reading  audio  os¬ 
cillator  dial  75  cycles 


Total  233  cycles 

The  tolerance  quoted  in  the  regula¬ 
tions  will  have  a  minimum  value  of  320 
cycles  corresponding  to  transmitter 
operation  at  the  lowest  assigned  fre¬ 
quency  of  approximately  1600  kc.  The 
estimated  error  arrived  at  above,  al¬ 
though  adverse  conditions  have  been 
assumed,  is  still  almost  100  cycles  be¬ 
low  the  maximum  allowed.  The  use 
of  reasonable  discretion  and  care  in 
planning  and  carrying  out  an  operat¬ 
ing  procedure  will  substantially  reduce 
the  actual  error  to  values  less  than 
the  estimated.  Moreover  it  will  be 
expected  that  some  of  the  errors  will 
cancel  each  other  since  it  is  unlikely 
that  they  will  all  occur  in  the  same 
direction. 
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chart,  several  problems  are  given 
which  will  serve  to  illustrate  the 
method  of  using  the  chart. 

Problem  1.  We  wish  to  obtain  a 
given  inductance  using  a  standard 
winding  form.  Assume  the  desired  in¬ 
ductance  is  8,000  microhenries,  and 
the  coil  form  has  an  inner  diameter 
of  0.625  inch. 

We  begin  by  choosing  a  coil  of 
square  cross  section  (so  that  C  B 
=  1),  a  coil  width  B  =  k  inch,  and 
select  No.  35  enamelled  S.S.C.  wire 
for  which  the  diameter  is,  d  =  0.0083 
inch.  We  may  now  determine  that 
C  =  i  inch  and  A  =  BC  =  i  x  i  = 
0.0625  square  inch.  Using  the  chart 
for  the  family  of  curves  for  which 
B  =  ^,  and  remembering  to  use  the 
left  hand  co-ordinates,  we  find  that 
L/N‘  =  0.021. 

We  now  have  two  methods  of  de¬ 
termining  the  number  of  turns.  By 
using  both  determinations  we  may 
find  that  our  chosen  data  is  incom¬ 
patible  and  may  require  some  altera¬ 
tion.  Using  one  method,  we  deter¬ 
mine  that  N*  =  L/0.021  from  which 
N  =  616  turns.  Using  the  other 
method  which  makes  use  of  the  equa¬ 
tion  A  =  K  d*  N,  we  have,  for  K  = 
1.25  and  d  =  0.0083  that  N  =  [0.0625 
/(1.25)  (0.0083)^]  =  725  turns.  Since 
these  two  determinations  do  not 
check,  either  the  wire  must  be  made 
larger  or  the  cross  sectional  area 
must  be  reduced.  If  we  choose  A  = 
[  (616)  (0.0625)  /  (725)  ]  =  0.0535 
square  inch,  then  N  =  [(0.0535)/ 
(1.25)  (0.0083)^  =  621  turns.  From 
the  chart  we  determine  that  L/N’  = 
0.0204.  Our  coil  will  therefore  con¬ 
sist  of  621  turns  of  No.  35  enamelled 
S.S.C.  wire  whose  depth  of  winding 
is  C  =  A/B  =  0.0535/0.025  =  0.214 
inch,  and  L  =  0.0204  X  621®  =  7,900 
microhenries. 

An  actual  coil  had  the  following 
measured  data :  B  =  0.242  inch,  D  = 
S  inch,  and  C  =  7/32  inch  =  0.219 
inch.  There  were  610  turns  of  No. 
35  enamelled  S.S.C.  wire,  from  which 
K  =  1.26.  The  measured  inductance 
was  8,050  microhenries. 

Problem  2.  We  wish  to  obtain  a 
given  inductance  with  a  coil  winding 
of  specified  overall  diameter.  As¬ 
sume  the  desired  inductance  to  be 
50,000  microhenries,  and  that  overall 
coil  diameter  is  to  be  1.25  inch. 

We  chose  a  winding  space  such  that 
B  =  0.5  inch  and  D  =  0.625  inch. 
Then  C  =  0.5(1.25  —  0.625)  =  0.3125 
inch,  and  D/C  =  2.  For  these  di¬ 
mensions  we  determine  from  the 


chart  that  L  N’  =  0.017,  and  con¬ 
sequently  N  =  (L/0.017)i  =  (50,000 
/0.017)i  =  1715  turns  and  A  =  BC 
=  0.156  square  inch.  We  still  have 
to  determine  the  required  wire  size. 
From  the  equation  A  =  K  d‘  N  we 
have  that  d  =  (A'KN)^  =  (0.156  ' 

l. 25  X  1715)  i  =  0.0085  inch.  We 
select  No.  35  enamelled  S.S.C.  wire 
from  wire  table  data. 

An  actual  coil  measured  as  follows: 
D  =  I  inch,  B  =  SI  64  inch,  C  = 
5/16  inch,  and  L  =  50,000  microhen¬ 
ries.  There  were  1700  turns  of  No. 
35  S.S.C.  wire. 

Problem  3.  We  wish  to  obtain  a 
given  inductance  and  maintain  opti¬ 
mum  shape  factors  for  good  Q.  In 
general,  for  good  Q,  C  B  should  be 
about  2.  The  ratio  L/Rdc  is  optimum 
for  C  B  =  1,  but  the  ratio  L  Rrf  is 
optimum  for  C/B>\.  D  should  be  as 
large  as  may  be  consi.stent  with  prac¬ 
tical  requirements. 

Let  the  desired  inductance  be  3,500 

m. icrohenries,  and  let  C/B  =  2  and 
D  C  =  2.5.  Choose  a  coil  width,  B 
—  ^  inch,  so  that  C  =  2B  =  \  inch, 
and  D  —  2.5C  =  ?  inch.  We  shall  be 
able  to  choose  the  wire  size  more 
readily  after  determining  the  re¬ 
quired  number  of  turns.  From  the 
chart  we  determine  that  L/.V'  = 


IMPROVED  AIRCAFT 
DETECTION 


This  new  sound  detector  of  the  U.S. 
Army  anti-aircraft  service  employs 
three  short  horns,  instead  of  the 
usual  four  long  ones,  and  each 
horn  is  made  of  balsa  wood  with 
cellulose  acetate  coating.  The  new 
design  has  a  much  higher  signal-to 
interference  ratio  than  the  old 


0.0247  and  A  =  0.0312  square  inch. 
Therefore,  N  =  (3500/0.0247)  i  = 
376  turns,  and  d  =  (A /KN) 4(0.03 12/ 
1.25  X  376)4  =  0.0082  inch.  We 
may  therefore  use  No.  35  enamelled 
S.S.C.  wire. 

An  actual  coil  measured  as  follows : 

B  =  0.126  inch,  A  =  0.0316  .square 
inch,  D  =  §  inch  and  L  =  3450  mi¬ 
crohenries.  There  were  386  turns  of 
No.  35  enamelled  S.S.C.  wire. 

Problem  4.  We  have  a  coil  whose 
inductance  and  dimensions  we  can 
measure  and  we  would  like  to  dupli¬ 
cate  it  without  damaging  it.  The 
measured  data  on  the  coil  to  be  dupli¬ 
cated  is  found  to  be  =  0.5  inch, 
B  =  0.218  inch,  C  =  0.22  inch  and 
L  =  262  microhenries.  Consecjuently, 
.4  =  BC  =  0.048  .square  inch.  Be- 
cau.se  the  desired  value  of  B  does  not 
appear  on  the  chart  interpolation  be¬ 
comes  necessary.  For  A  =  0.048 
square  inch,  D  =  0.5  inch  and  B  = 

0  ?5  inch  we  find  that  L  —  0.0155. 
For  the  ca.se  in  which  A  =  0.048 
square  inch,  D  =  0.5  inch,  and  B  = 
0.25  inch,  we  find  from  the  chart  that 
L  X‘  =  0.0177.  It  now  becomes 
neces.sary  to  interpolate  to  determine 
L  'N'  for  the  desired  value  of  B.  In¬ 
terpolating,  we  have  L/N‘  =  0.0155 
-I-  [(0.25  —  0.218)/(0.25  —  0.187)1 
(0.0177  —  0.0155)  =  0.0167.  This 
gives  N  =  (262/0.0167)4  =  126 

turns.  The  wire  size  is  d  =  (A/ 
KN)i  =  (0.048/1.25  x  124)4  = 
0.0181  inch,  so  that  No.  31  enamelled 
D.C.C.  wire  may  be  used.  The  actual 
number  of  turns  on  the  measured 
coil  was  125. 

From  the  character  of  the  curves 
on  the  chart  it  will  be  noted  that  this 
method  of  determining  the  number 
of  turns  on  an  unknown  coil  is  con¬ 
siderably  more  accurate  than  any 
based  on  dimensional  measurements, 
since  it  is  largely  dependent  on  the 
electrical  measurement  of  inductance 
and  the  accuracy  of  the  chart.  The 
dimensional  measurements  determine 
the  value  of  A  which,  as  previously 
mentioned,  is  non-critical  in  deter¬ 
mining  the  inductance  per  squared 
turn  ratio.  Furthermore,  N  is  pro¬ 
portional  to  the  square  root  of  the 
determined  data.  On  the  other  hand, 
the  determination  of  turns  from  the 
measurements  of  the  coil  dimensions 
and  wire  diameter  through  the  equa¬ 
tion  N  =  (A/KcP)  involves  such  vari¬ 
ables  as  space  factor  and  tolerance 
in  wire  diameter  as  well  as  the  diffi¬ 
culty  of  measuring  accurately  the 
dimensions  B  and  C. 
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INCE  first  introduced  by  IRC  about  five 


years  ago, 

hundreds  of  millions  of  Insulated  Metallized  Resistors 
in  countless  applications,  under  all  sorts  of  conditions, 
have  established  new  standards  of  stability,  depend¬ 
ability  and  uniformity.  The  above  performance 
curves  represent  their  essential  characteristics  as 
proved  consistently  by  actual  field  experience. 
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TUBES  AT  WORK 


shunt  capacity  at  the  same  time.  If  all 
shunt  capacity  is  eliminated  the  chai’- 
acteristics  of  the  resistor  alone  may  be 
studied.  A  circuit  for  measuring  re¬ 
sistor  impedance  without  the  effects  of 
shuntinfT  capacity  is  shown  in  Fi>r.  2. 
The  resistor  to  be  examined  is  placed 
in  shunt  with  a  tuned  circuit  Li  Ci  con¬ 
nected  in  the  plate  circuit  of  a  vacuum 
tube.  If  this  circuit  is  tuned  to  the 
measurement  frequency  before  the  un¬ 
known  resistor  is  placed  in  shunt  the 
effective  plate  load  is  equal  to  the  im¬ 
pedance  of  resistor  R  L  C  'm  parallel 
with  the  tuned  circuit  impedance  at 
resonance.  If  a  high  Q  circuit  is  used 
with  a  nominal  value  of  resistance 
R  L  C  the  gain  may  be  assumed  to  be 
determined  entirely  by  the  resistor 
impedance. 

The  circuit  of  Fig.  2  was  used  to  in¬ 
vestigate  the  impedance  characteristics 
of  several  types  of  resistors  all  having 
a  d-c  resistance  of  1000  ohms.  The 
measured  impedances  at  frequencies 
from  one  to  five  Me  are  plotted  in 
Fig.  3.  Resistor  “a”  was  a  metalized 


Resistors  at  Video  Frequencies 

By  A.  W.  Barber 


Fiq.  2 — Method  of  measuring  re¬ 
sistances  at  video  frequencies. 


High  definition  television  has,  in  the 
space  of  two  or  three  years,  extended 
the  need  for  broad  band  amplifiers 
from  kilocycles  to  megacycles. 


type  resistor  and  showed  a  iiegligable 
impedance  change  from  its  d-e  value  ui) 
to  five  Me.  Resistor  “b”  was  a  ten  watt 
wire  wound  resistor  and  showed  a  rise 
in  impedance  indicating  an  inductanee 
of  the  proper  value  to  compensate  .■!2 
shunt  capacity  up  to  five  Me.  Two 
different  makes  of  resistor  were  foumi 
to  have  this  characteristic.  Resistor 
“c”  was  a  wire  wound  resistor  of  the 
same  general  appearance  as  resistor  “b” 
but  its  large  rise  in  impedance  indicate  s 
a  much  larger  inductance.  It  would  be 
suitable  to  use  in  compensating  a  ca¬ 
pacity  of  100  utii  shunt  capacity  up  to 
one  and  one-half  Me.  Resistor  “d”  was 
a  pi-wound  “non-inductive”  resistor  and 
showed  a  still  larger  inductance. 

Using  the  same  set-up  of  Fig.  2  the 
impedance  measurements  w<*rc  repeated 


Fig.  1. — Basic  circuit  of  series-com¬ 
pensated  video  amplifier  stage. 


In  designing  and  building  these  wide 
range  amplifiers  the  problem  may  be 
divided  into  two  parts.  First,  theoret¬ 
ical  circuit  design  must  be  developed  to 
meet  the  new  requirements.  Second, 
these  theoretical  circuits  must  be 
transformed  into  practical  amplifiers.  In 
transforming  a  theoretical  circuit  into 
a  practical  model  a  knowledge  of  the 
characteristics  of  circuit  components  is 
necessary.  At  five  Me  the  inductance 
of  condensers,  the  inductance  and  ca¬ 
pacity  of  resistors  and  the  distributed 
capacity  of  inductances  must  be  more 
carefully  studied  than  in  the  past. 

In  Fig.  1  a  common  type  of  video  am¬ 
plifier  compensated  plate  circuit  is 
shown.  The  low  and  middle  frequency 
gain  of  the  stage  is  determined  by  the 
value  of  R.  The  shunting  effect 
of  the  tube  and  circuit  capacity  C  at 
the  high  frequency  end  of  the  range  is 
compensated  by  L.  It  has  been  shown 
that  the  stage  gain  may  be  maintained 
flat  to  a  frequency  /  if  the  following  re¬ 
lation  is  satisfied:  R,  =  2L2’r/  =  1/C2’r/. 

A  non-inductive  resistor  may  be  used 
for  R  with  the  proper  inductance  L  in¬ 
serted  in  the  form  of  a  coil.  A  more 
economical  design  results  if  a  wire 
wound  resistor  having  the  proper  in¬ 
ductance  is  used  to  replace  R  and  L. 
Thus  a  study  of  available  resistors  be¬ 
comes  useful. 

One  way  to  find  the  resistance  per¬ 
formance  characteristics  is  to  place  it  in 
an  actual  tube  plate  circuit  and  measure 
gain  at  various  frequencies.  This  pro¬ 
cedure,  however,  gives  the  effect  of  a 
particular  and  more  or  less  unknown 


FACSIMILE  RECEIVER  FOR  NEWSPAPERS 


Facsimile  receiving  equipment  used  during  the  inauguration  of 
regular  broadcasting  on  ultra-high  frequencies  from  W9XYZ. 
operated  by  the  St.  Louis  Post  Dispatch.  The  recorder  contains 
rolls  of  paper  and  carbon  tissue  which  pass  over  a  revolving 
metal  cylinder  from  which  a  projecting  stylus  produces  an  image. 
Copy  is  in  black  and  white,  printed  on  one  side  of  the  sheet. 
The  recorder  is  automatically  timed  to  begin  operation  at  a 
predetermined  instant 
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Cm^alab 


OSCILL 


TCMPti 


Centralab  iixed  capacitors  consist 
of  a  thin  wall  ceramic  tube  spacing 
two  tubular  condenser  plates,  elec¬ 
tro-plated  on  the  ceramic.  Capaci¬ 
tance  remains  permanent  under  all 
life  and  aging  tests.  Centralab 
capacitors  do  not  depend  upon  pres¬ 
sure  fit  for  contact  at  any  point,  but 
have  a  positive  soldered  joint  be¬ 
tween  plates  and  wire  leads.  All 
capacitors  are  vacuum  impregnated 
with  wax  and  coated  with  a  mois¬ 
ture-proof  film  of  low  power  factor 
resin. 

A  SPECIAL  BULLETIN  SHOWING  ENGINEERING 
DATA  AVAILABLE  ON  REQUEST.  SPECIFY 
BULLETIN  630 


Hermetically  sealed,  3  electrode  quartz  crystal  in  rub* 
ber  cushioned,  cast  mounting  frame 


Illuminated  linear  meter  Direct  reading  from  zero  ta 
with  auxiliary  db  scale  16,000  cycles 


Low'impctiancc,  stable,  operiodic  amplifier  of  moist¬ 
ure-proof  construction 


Ew  Wave  Analyzer 


The  new  Type  736-A  Wave  Analyzer  provides  the  simplest 
and  most  accurate  method  for  making  analyses  of  har¬ 
monic  distortion  in  audio-frequency  equipment,  broadcasting 
receivers  and  transmitters,  telephones  for  public-address  sys¬ 
tems,  oscillators  and  vacuum-tube  circuits  of  all  types;  in  elec¬ 
trical  power  systems  and  electrical  machinery. 

The  new  analyzer  has  the  following  mechanical  and  electrical 
improvements  which  contribute  to  its  increased  sensitivity, 
improved  stability  and  more  convenient  operation: 

#  CRITICAL  TUNING  UNNECESSARY:  flaf-fop  tuning  character¬ 
istic  4  cycles  wide  (see  curve) 

9  IMPROVED  SELECTIVITY:  new  3-crystal  filter  increases  disc  imi-a- 
tion  against  unwanted  voltage.  Attenuation  at  60  cycles  from 
resonance  is  75  db  (0.02%) 

#  EASIER  OPERATION:  improved  calibration  circuit  makes  precise 
balancing  unnecessary  and  speeds  up  measurements 
9  EXTENDED  VOLTAGE  RANGE:  300  microvolts  to  300  volts,  full 
scale,  with  I  megohm  input  impedance 
9  INCREASED  STABILITY:  all  components  protected  from  effecls  o 
humidity.  Oscillator  and  amplifier  stability  improved  greatly 
9  A-C  OPERATION:  the  hum  voltage  less  than  50  microvolts 
9  NO  EXTERNAL  MAGNETIC  PICK-UP:  balanced  modulator  is  fed 
by  a  phase-inverter  tube  instead  of  a  transformer 

TYPE  736-A  WAVE  ANALYZER  $640.00 

Write  for  Bulletin  348  for  Complete  Data 

GENERAL  RADIO  COMPANY 

Cambridge.  Massachusetts 

BRANCHES:  New  York  and  Los  Angeles 


PRECISION  ELECTRICAL  LABORATORY  APPARATUS 
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Fig.  3-- Impedance  vs.  frequency 
curves  of  different  resistors 


usinp  a  shunt  capacity  of  32  in  each 
case,  .^s  would  be  expected  resistor  “a” 
which  showed  a  neRlifrable  inductive 
component  when  shunted  by  the  capa¬ 
city  showed  a  thri‘e  db  drop  at  five  Me. 
Resistor  “b”  which  showed  a  three  db 
rise  when  measured  alone  indicating 
about  sixteen  microhenrys  inductance 
when  shunte<l  showed  a  flat  impedance 
to  five  Me.  Actually  two  different  makes 
of  resistor  yielded  a  flat  characteristic 
when  shunted  and  hence  offer  a  prac¬ 
tical  saving  in  cost  and  space  over  the 


AniprTran  Type  **W'*  filler  reacliir 
«»ilh  mounting  similar  to  plate 
transformer — inbiilate<i  up  to  25  Kv. 
r.m.s.  lest. 


AmerTran  Tn>e  **W**  air*insulaled 
plate  transformer,  a  fully  enclosed 
unit  with  all  leads  to  bushings — 
^iies  to  7  Kva. 


ow  AmerTran  offers  standard  air-insulated  transformer 
equipment  of  fully  enclosed  construction  for  practically 
every  application  in  high-voltage  rectifiers  of  the  type  usetl 
in  broadcast  transmitters  and  other  equipment.  In  hulletin 
#  14-5  (now  available)  nearly  600  items  are  listed,  includ¬ 
ing  plate  transformers,  input  and  filter  reactors,  filament 
transformers  and  voltage  regulators  a  rating  to  meet 
every  need  in  both  single-  and  three-phase  rectifiers  for 
output  up  to  14  Kw.  at  potentials  from  1000  to  .5000  volts. 
The  bulletin  also  contains  valuable  circuit  diagrams,  filter 
attenuation  curves,  and  rectifier  operating  data.  May  we 
mail  you  data  on  equipment  suitable  for  your  require¬ 
ments?  Send  for  bulletin  14-5. 


TELKVISIOIN  IN  JAPAN 


AMEItlCAX  TIIAINSFOIIMEII 
COiMPAAY 

178  Emmet  St,  Newark,  N.  J. 


AmerTran  Type  “H”  BlamenI  trans¬ 
former — insulated  up  to  SO  Kt.  test. 


A  20-watt  video  transmitter  is 
mounted  in  this  Japanese  mobile 
television  unit,  used  to  transmit 
news  events  to  the  main  station. 
The  all-electronic  system,  similar  to 
that  employed  in  America  and 
Europe,  is  used 


Manufactured 
Since  1901  at 
Newark,  N.  J. 
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Aircraft  Radio 

( Cmithmrd  from  page  14) 


at  75  Me.  In  all,  the  transmitter  em¬ 
ploys  13  tubes,  including  power  sup¬ 
ply.  The  output  of  a  4.6875  Me  crystal 
is  quadrupled  and  doubled  twice  to 
75  Me,  finally  driving  two  304-B  tubes 
to  100  watts,  at  60  per  cent  efficiency. 
Two  838  tubes  are  u.sed  as  modula¬ 
tors,  at  3000  cps. 

The  radiating  system  employed  to 
produce  the  fan-type  wedge  of  signal 
consists  of  four  half-wave  sections, 
placed  end-to-end  and  fed  in  pha.se. 
The  accompanying  diagram  shows 
the  method  of  in-phase  feeding  with 
a  single  transmission  line.  By  includ¬ 
ing  two  hair-pin  loops,  each  one-half 
wavelength  long,  the  currents  in  all 
radiating  sections  are  cau.sed  to  flow 
in  the  same  direction.  The  radiating 
system  is  supported  one-quarter 
wavelength  above  a  metal-.screen 
counterpoi.se  measuring  20  by  40 
feet.  The  purpo.se  of  the  counterpoise 
is  to  avoid  changes  in  the  radiation 
pattern  Jis  the  condition  of  the  ground 
changes  with  the  .seasons  ( weeds  and 
snow  are  .serious  offenders). 

P'light  tests  over  the  beacon  indi¬ 
cate  that  the  wedge  of  signal  extends  j 
well  into  the  stratosphere,  that  its 
effective  thickness  (measuring  in  the 
direction  of  the  route)  is  2.5  miles  at 
3.000  feet  altitude.  4  miles  at  11,000 
feet.  The  width  of  the  wedge  varies 
from  10  to  15  miles  in  the  same  range 
of  altitude.  The  beacons  are  to  be 
placed  at  strategic  intervals  along  the 
radio-range  beacon  cour.ses,  and  are 
used  to  indicate  the  .ship’s  position 
along  the  airline  right-of-way. 

White  the.se  developments  have 
t)een  in  progress,  the  aircraft  radio 
eejuipment  manufacturers  have  been 
bu.sy  improving  more  conventional 
apparatus.  Weight  continues  to  de¬ 
crease  and  performance  to  increase. 
The  Douglas  DC-4,  largest  transport 
ship,  has  been  equipped  with  a  250 
watt  main  transmitter,  and  with 
three  receivers,  including  a  75  Me 
marker  receiver.  Remote  tuning  has 
been  applied  to  airport  transmitters, 
and  to  airplane  transmitters  as  well. 
A  15  watt  transmitter  for  u.se  on  the 
communication  frequencies  (3105, 
3120,  and  6210  kc),  weighing  only  22 
pounds,  has  been  announced.  Finally, 
facsimile  transmissions  to  aircraft 
have  been  undertaken  by  the  Finch 
organization. 
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And  accuracy  in  fabricated  parts  is  important  to 
your  product.  That  is  why  a  Zeiss  Microscopic 
Micrometer  is  used  for  checking  all  Textolite 
parts  before  they  are  shipped  to  your  plant  for 
assembly.  It  does  not  matter  what  they  are  —  tube 
sockets,  threaded  tubing,  spiders  or  miscellaneous 
punched  parts  —  Textolite  laminated  materials  are 
continuously  checked  for  insulation  qualities  dur¬ 
ing  manufacture  and  for  clean  punching  and 
accuracy  during  fabrication. 

For  complete  information,  write  Section  Al9,  Plas¬ 
tics  Dept.,  General  Electric  Co.,  One  Plastics  Ave., 
Pittsfield,  Mass.  Ask  for  publication  GEA-937D. 

FABRICATORS  OF  TEXTOLITE  LAMINATED 
General  Laminated  Products,  Inc. 
3113-3123  Carroll  Ave.  233  Spring  Street 

Chicago,  Ill.  New  York,  N.  Y. 


GENERAL  m  ELECTRIC 


This  tube  contains  two  walls  and 
encloses  a  quarts  crystal  used  for 
frequency  control.  Both  sections  of 
the  tube  are  eTacuated,  providing 
protection  against  temperature 
changes  similar  to  that  of  a  Dewar 
vessel.  One  crystal  terminal  is 
taken  through  the  glass,  the  other 
through  the  socket 


use  of  a  non-in<luctive  resistor  plus  a 
conipensatinjr  coil.  Resistor  “d”  which 
showed  the  larfrest  inductance  when 
measured  alone  showed  a  larpe  peak  in 
impedance  at  two  Me  as  shown  by 
curve  “p”  in  Fig.  3. 

The  effective  shunt  capacity  of  the 
sample  resistors  measured  was  of  the 
order  of  one  micro-microfarad.  Since 
this  represents  a  quadrature  component 
of  about  32,000  ohms  it  can  be  neglected 
in  most  applications. 

An  experimental  resistor  wound  with 
two  oppositely  directed  layers  of  wire 
placed  turn  upon  turn  unexpectedly 
showed  a  much  larger  inductance  than 
a  similarly  wound  coil  of  copper  wire. 
This  was  found  to  be  due  to  the  use  of 
inductive  resistance  wire.  Winding  the 
resistor  of  non-inductive  resistance  wire 
reduced  the  inductance  of  a  1000  ohm 
resistor  from  about  80  microhenrys  to 
about  two  microhenrys. 


USH-POLE  ANTEN.NA 
(MARINE  VERSION) 


By  stringing  a  cage  antenna  on 
each  of  the  two  outrigger  fishpoles 
of  this  pleasure  craft,  the  range  of 
the  single-frequency  transmitter  on 
board  was  more  than  doubled 


Wells  appearinp:  in  the  same  issue  of 
./.  A.  P. 

The  atom-smasher  is  simply  a  ma¬ 
chine  for  ffivinp:  such  hijjh  velocity  to 
small  sub-atomic  particles  (such  as  the 
proton,  deuteron,  neutron  and  alpha 
particles)  that  atoms  may  be  pene¬ 
trated  by  these  sub-atomic  particles. 
Ry  measurinp:  the  energies  of  these 
projectiles  and  the  energies  of  the  frag¬ 
ments  of  the  smashed  atoms  together 
with  the  energies  of  any  secondary  dis¬ 
turbances,  one  gets  the  primary  facts 
out  of  which  an  understanding  of  the 
structure  of  atomic  nuclei  may  be  ad¬ 
duced. 

The  typical  accelerating  machine  will 
consist  of  some  sort  of  ionized  particles, 
some  disposition  of  electric  fields  to  ac¬ 
celerate  them,  and  chamlx’rs  for  study¬ 
ing  the  clTects  produced. 

The  theory  of  the  cyclotron  is  given 
as  well  as  some  of  the  constructional 
and  design  details.  The  results  of  a 
number  of  workers  in  this  field  are  re¬ 
viewed,  and  equipment  which  has  been 
constructed  at  various  research  labora¬ 
tories  is  de.scribed.  In  conclusion  the 
author  indicates  several  of  the  possible 
benefits  which  may  be  expected  to  ac¬ 
crue  from  the  apparently  impractical 
research  program  of  disintegratinp 
those  particles  which  are  among  the 
smallest  of  which  matter  is  composed 
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Summaries  of  articles  on  methods  of 
producing  sub-atomic  particles,  <lesign 
of  superheterodyne  oscillator  circuit, 
studies  of  thoriated  tungsten,  and  a  sim¬ 
plified  method  of  treating  electrical  net¬ 
works  for  sound  recording  in  the 
month's  news 


Rprent  PrnfiTPsa  in  flip  accelerating  charged  particles  of  high 

%  f  11  I  rogre.s  lit  iiip  received  the  most 

Oevelopment  of  High  Voltages  successful  developments  for  nuclear 
A  CRITICAL  REVIEW  of  the  recent  prog-  transmutations  are  those  of  direct  high 
ress  in  the  development  of  extremely  ''“l^aKe  by  means  of  belt  machines  as 
high  voltages  is  contained  in  an  article  developed  by  \  an  de  and  e 

“Production  of  High  Energy  Particles”  cyclotron  method  due  to  E.  O.  Lawrence, 
by  W.  H.  Wells,  which  appears  in  the 
November  issue  of  the  Journal  of  Ap¬ 
plied  Physics.  This  article  describes  the  rv  .  i  'T'  l  • 

various  types  of  high  voltage  generating  Llesign  ailCi  1  eclinique 

equipment  which  have  recently  been  of  the  Cvclolroil 

constructed  for  carrying  on  research 

programs  dealing  with  the  structure  of  A  deiCRIPTION  of  the  method  and  appli- 

the  atom.  High  voltage  generators  such  cation  of  the  cyclotron  as  developed  by 

as  those  used  at  the  Westinghouse  Re-  E.  O.  Lawrence  and  his  associates  at 

search  laboratories,  the  Department  of  the  Radiation  Laboratory,  Berkeley, 

Terrestrial  Magnetism,  Carnegie  Insti-  Calif,  is  given  in  the  November  issue 

tution  of  Washington,  the  Cavendish  of  the  Journal  of  Applied  Physics. 

Laboratories,  the  University  of  Michi-  ing  under  the  title,  “Present  Day  De- 

gan,  the  University  of  Wisconsin,  and  sign  and  Technique  of  the  Cyclotron,” 

the  Massachusetts  Institute  of  Tech-  Franz  N.  Kurie  gives  an  analysis  and 

nology  are  described.  summary  of  methods  of  “atom-smash- 

The  results  which  have  been  obtained  ing”  through  the  use  of  intense  mag-  A  short,  concise  article  on  the  neces- 

with  various  methods  of  producing  ex-  netic  fields  as  developed  in  the  cyclotron.  sity  for  their  use,  application,  and  de- 

tremely  high  voltages  are  reviewed  and  This  paper  is  a  companion  to  “Produc-  sign  of  electrical  networks  for  .sound 

the  author  concludes  that  the  methods  of  tion  of  High  Energy  Particles”  by  W.  H.  recording  is  given  by  F.  L.  Hopper  in 

the  November  issue  of  the  Journal  of 
fhe  Society  of  Motion  Pictures  Engi¬ 
neers,  in  an  article  entitled  “Electrical 
Networks  for  Sound  Recording.”  Par¬ 
ticular  emphasis  is  placed  upon  the  con¬ 
stant  resistance  type  of  structure. 

In  sound  recording  a  number  of  fac¬ 
tors  exist  that  necessitate  certain  modi¬ 
fications  and  limitations  of  the  uniform 
response-frequency  characteristics  of 
the  equipment  in  order  to  achieve  pleas¬ 
ing  results.  In  brief,  these  'actors  are 
as  follows:  (1)  the  effects  due  to  the 
acoustical  conditions  surrounding  the 
point  of  pick-up,  (2)  the  response 
characteristic  of  the  microphone,  (3) 
the  properties  of  the  modulating  device 
in  noise  reduction  sy.stems,  (4)  in  re¬ 
cording,  the  ability  to  compen.saie  for 
defects  occurring  in  recording,  and  the 
introduction  of  characteristics  provid¬ 
ing  a  dramatic  effect.  It  is  possible  to 
obtain  alteration  of  all  of  these  charac¬ 
teristics  through  the  use  of  electrical 
networks  having  the  desired  response- 
frequency  characteristics.  The  particu¬ 
lar  netw’ork  for  a  given  condition  de¬ 
pends  upon  the  required  insertion  loss, 
the  impedance  of  the  circuit  in  which  it 
is  to  operate,  and  the  reaction  of  the 
impedance  characteristics  of  the  net¬ 
work  upon  the  frequency  response  of 
the  equipment  associated  with  it.  While 
the  design  of  many  filters  and  networks 
for  obtaining  desired  response-fre- 


Siiiiplified  Method 
of  Trealinj!  Network; 


B.  B.  C.  TELEVISES  FULL  LENGTH  STAGE  PLAY 


A  full  length  stage  play.  "When  We  Are  Married"  was  recently 
televised  by  the  B.  B.  C.  from  St.  Martin's  Theater  for  the  benefit 
of  London  television  enthusiasts.  Two  cameras  were  set  up  in 
the  first  row  of  the  theater,  one  at  the  center  and  the  other  at 
the  left  of  the  stage  as  shown  here.  The  characters  shown  on 
the  stage  are,  in  the  usual  left  to  right  order,  Ernest  Butcher. 

Raymond  Huntley,  Lloyd  Pearson,  and  Richard  Warner 
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SUPERIOR 


Anyone  so  minded  could  duplicate  Superior's 
plant  and  most  of  its  equipment:  could  hire  com¬ 
petent  workmen  and  find  a  market  for  his  product 
but — he  couldn't  alienate  a  "Superior"  customer 
to  save  his  soul. . . .  It's  not  loyalty  on  their  part — 
)ust  good  business.  They  order  and  reorder  year 
alter  year  because  Superior  can  be  depended  on 
to  produce  the  gopds  exactly  according  to  speci¬ 
fications:  to  make  prompt  deliveries:  to  give  them 
every  price  advantage  effected  by  fortunate  pur¬ 
chases  or  improvements  in  manufacture. 

Wouldn't  these  points  determine  your  source  of 
supply  if  you  were  in  the  market  for  tubing? 


MAKERS  OF  FINE  SMALL 
SEAMLESS  TUBING  IN  VARI¬ 
OUS  METALS  AND  ALLOYS 
AND  LOCKSEAM  CATHODE 


SUPERIOR  TUBE  COMPANY 

NORRISTOWN,  PENNSYLVANIA 


SLEEVES  UNDER  U.  S.  PATENTS. 


SUPERIOR  TUBING 

ELECTRONICS  —  January  1939  45 


“It  Can’t  Be  Done!” 


IRMIMm 

^  AUTOMATIC  ELECTRIC 


When  you  buy  an  Auto¬ 
matic  Electric  Relay  you 
get  a  precision  product 
designed  and  con¬ 
structed  by  an  experi¬ 
enced  company  —  for 
Automatic  Electric  has 
been  making  relays  for 
over  forty  years! 


For  EVERY  Industrial  Need 


•  The  Automatic  Electric  line  of 
relays  includes  quick  and  delayed 
action  types,  sensitive  and  heavy 
duty  types,  mechanical  locking 

•  Write  for  complete  illustrated  catalog  o 
solenoids,  keys,  and  other  electrical  control 
Electric  Sales  Company,  1033  W.  Van  Buren 


types,  polarized  relays,  etc.  Avail¬ 
able  with  any  contact  combination 
and  for  operation  on  D.  C.  or  A.  C. 
circuits  of  any  voltage. 

’  relays,  stepping  switches,  eiectric  counters, 
accessories.  Address  American  Automatic 
St.,  Chicago. 


quency  characteristics  are  covered  in 
available  reference  work,  the  author 
presents  a  simplified  means  of  deter¬ 
mining  design  data  of  the  bridge-^ 
network,  of  the  constant  resistance  type. 

The  article  gives  curves  showing  the 
insertion  loss  for  the  network,  plotted 
against  the  impedance  across  the  series 
arms  of  the  T  when  used  in  the  '>00  ohm 
circuit.  The  characteristics  of  the  im¬ 
pedance,  Z„,  across  the  arms  of  the  T, 
as  well  as  of  the  impedance  Z:„  i!i  series 
with  the  shunt  clement  of  the  T,  deter¬ 
mine  the  frequency-response  character¬ 
istics  of  the  network.  The  character¬ 
istics  of  the  impedance,  Zu,  may  be  de¬ 
termined  for  a  500  ohm  line  by  means 
of  a  graphical  chart  which  is  shown. 
A  supplementary  table  or  equalizer 
chart,  gives  the  relationship  between 
the  two  impedances  for  a  given  type  of 
frequency-response  characteristic. 

An  appendix  is  included  in  which  the 
essential  equations  are  derived,  and  ex¬ 
amples  are  given  of  the  methods  by 
which  attenuating  networks  or  e<iual- 
izers  for  recording  may  be  designed. 

of  Oscillator  Circuit 
for  Superheterodyne 
Receivers 


MAKKRS  OF  TEL  F- PHONE  ANO  SIGNALING  APPARATUS 
ELECTRICAL  ENGINEERS.  DESIGNERS  AND  CONSULTANTS 


THORDARSON  BUILDS 
TRANSFORMERS 
TO  MEET  ALL 
REQUIREMENTS 


Since  1895  engineers  have  recognized 
Thordarson's  ability  to  build  trans¬ 
formers  to  meet  exacting  requirements 
and  special  applications.  They  have 
used  standard  Thordarson  transform¬ 
ers  and  found  them  highly  satisfac¬ 
tory.  Therefore,  it  is  only  natural  for 
them  to  turn  to  Thordarson  when  they 
need  transformers  for  special  work 
—  whether  these  jobs  demand  mid¬ 
gets  or  mammoths.  Send  specifications 
now  for  quotations  on  your  transformer 
needs — whether  standard  or  special. 


Illustrated  above  is  a  20  KVA,  single  phase,  air 
cooled  transformer  built  for  the  laboratory 
of  a  large  industrial  concern.  Primary — 
220/230/240  volts,  60  cycles,  and  a  second¬ 
ary  winding  with  22  taps.  From  2  to  14  volts  in 
2  volt  steps  at  200  amperes,  and  from  70  to 
280  volts  in  15  volt  steps  each  at  20  KVA. 
Below  at  right  is  a  tiny,  compact  audio  trans¬ 
former  with  an  exceptionally  flat  frequency 
response  curve.  Designed  for  light  portable 
audio  equipment. 

THORDARSON 

ELECTRIC  MANUFACTURING  CO. 

500  W.  Huron  Sf.  Chicago,  III. 


An  unusually  thorough  discu.-^sion  of 
the  method  of  designing  the  /,  and  C 
constants  for  the  oscillator  circuits 
of  superheterodyne  receivers  is  con¬ 
tained  in  the  November  19:{S  issue  of 
the  Philips  Setmakers'  BuUetiti,  pub¬ 
lished  by  the  Philips’  Gloeilampenfab- 
riken,  Eindhoven,  Holland. 

For  designing  a  radio  receiver  of 
the  superheterodyne  type,  and  having 
decided  upon  the  intermetliate  frequency 
and  wave  length  ranges  to  be  covered, 
the  question  arises  as  to  how  the  various 
parts  of  the  oscillator  circuit  should  be 
dimensioned.  While  much  has  l)een 
written  on  the  problem  of  the  correct 
design  of  the  oscillator  circuit  in  the 
determination  of  the  LC  constants,  no 
general  rule  has  been  given  for  calcu¬ 
lating  these  values. 

If  we  are  given  an  oscillator  tuned 
circuit  of  the  type  shown  in  Fig.  1, 


Fig.  1 — Schematic  circuit  of  oacilla- 
tor  in  superheterodyne  receiveri 
for  which  analysis  is  made 


consisting  of  an  inductance,  L,  a  tuning 
condenser,  C,,  a  padding  condenser,  Cp, 
and  a  shunt  capacity,  Co,  the  problem 
is  to  design  the  LC  constants  of  the 
circuit  so  that  the  natural  frequency 
in  every  position  of  C„  is  higher  than 
that  of  the  preceding  circuit  by  a  defi¬ 
nite  amount  equal  to  the  intermediate 
frequency. 
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Thin  laminations  of  wood  imprognatod  with  phonoiic  rosins  and  vulcan* 
izod  into  a  hard  homogonoous  shoot  aro  otforod  by  Formica  in  a  now 
product  which  is  romarkablo  for  its  lightnoss  and  strength  and  ability 
to  hold  its  dimensions  under  extreme  conditions  .  .  .  "Pregwood"  is 
lighter  than  aluminum  (specify  gravity  1.35)  and  has  a  flexural  strength 
of  25,000  to  30,000  lbs.  per  square  inch.  It  is  highly  resistant  to  moisture 
absorption  and  has  a  low  co-efficient  of  thermal  expansion  .  .  .  This 
material  is  offered  in  sheets  of  a  minimum  thickness  of  V4  of  an  inch, 
and  20  inches  wide  by  96  inches  long.  It  is  a  light,  strong,  stable 
material  that  should  have  many  uses.  Samples  on  request. 


THE  FORMICA  INSULATION  CO 


4638  SPRING  GROVE  AYE.,  CINCINNATI,  OHIO 


ORMI^ 
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RC'A  .  .  .  rhe  name  symholi/iiitj  creation, 
pro^ress,  achievement  in  radio  I  KC  A  ,  .  , 
Radio  Corporation  of  America ...  a  family  of 
doers  writlnu  history  with  sound  in  the  sky! 

Makers  of  instruments  for  radio  transmis¬ 
sion  and  reception  of  sound,  code  messaues 
and  facsimile  reproduction.  Makersof  instru¬ 
ments  for  the  recording  of  sound  on  records 
and  on  motion  picture  film.  Creators  of  count¬ 
less  radio  devices  vital  to  science,  industry, 
medicine,  telephony,  and  public  safety. 

rc:a  . . .  creator  of  a  nation -wlile  broadcast¬ 
ing  service,  I  he  National  Broailcasting  Co. 


RCA  . .  .  creator  of  a  world-wide  radio  com¬ 
munications  system  with  direct  circuits 
between  the  Cnited  States  and  4.^  foreign 
countries,  and  with  ships  at  sea  ...  a  mes¬ 
sage  service  with  the  speed  of  lightning. 
Rt'A. . .  pioneer  in  research  in  radio,  sound 
*  and  television. 

RC'A  .  .  .  trulv  American,  owned  bv  a 
quarter  of  a  million  stockholders  in  4S  states. 

RC'A  ...  19  vears  a  name  across  the  skv 
...  19  vears  of  service  to  all  the  world. 

Listen  to  the  "MAGId  KEY  "  every  SnnJtty,  J  to  ^  F.  A/., 
F.  S.  T.,  on  the  SF(i  Flue  Set-iiork. 


Radio  Corporation  of  America 

R.ADIO  CAW,  N.  V. 

R(l\  Manufacturing  Co.,  Inc.  Radiomarine  Corporation  of  America 

R(l\  Institutes,  Inc.  National  Broadcasting  Company  R.C.A.  Communications,  Inc. 
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SENSITIVE  ELECTRONIC 
AC  VOLTMETER 


rnan. 


ASTATIC 

Laborat 


icrophone 

Youngstown,  Ohio 
Brufh  Co. 


Considered  in  its  exact  form,  the 
problem  is  insoluble.  The  practical 
approach  thus  is  to  design  the  oscilla¬ 
tor  circuit  so  that  throughout  its  en¬ 
tire  tuning  range,  the  deviation  from 
the  desired  value  will  be  a  minimum. 
That  is,  the  diflference  in  frequency 
between  the  oscillator  circuit  and  the 
input  circuit  should  be  a  constant  equal 
to  the  intermediate  frequency,  but  devi¬ 
ations  from  this  value  should  be  a 
minimum.  The  deficit  or  excess  to  be 
tolerated,  which  may,  for  instance,  be 
plotted  against  the  frequency  of  the 
preceding  circuit,  will  give  what  is 
termed  as  the  “padding  curve,”  such 
as  that  in  Fig.  2.  The  similarity  of 


MODEL  bbb 


DEALER  NET 

$15.00 


POCKET  VOLT-OHM 
MILLIAMMETER 


10  to  100,000  cycles 

Range  .001  to  100  volts  r.m.s. 

Logarithmic  voltage  scale 

A-C  operation,  115  volts  60  cycles 

Accurate  and  stable  calibration 

New  principle  of  operation 


#  A  complete  instrument  for  all 
A.C.-D.C.  voltage,  direct  current  and 
resistance  analyses. 

Model  666  has  3"  Sq.  Triplett  im¬ 
proved  rectifier  type  instrument.  A.C.- 
D.C.  Voltage  Scales  read:  0-10-50- 
250-500-1000  at  1000  Ohms  per  volt. 
D.C.  Milliampere  scales  read:  0-1-10- 
50-250.  Ohms  scales  read:  Low  54-300; 
High  250,000.  Resistance  range  can  be 
increased  by  adding  external  batteries. 
Size,  3  1/16"  X  554"  x  254".  Black 
Molded  Case  and  Panel.  Newly  im¬ 
proved  Low  Loss  Selector  Switch. 
Complete  with  Alligator  Clips,  Bat¬ 
tery  and  Test  Leads  .  .  .  Dealer  Price, 
$15.00. 


Fig.  2 — Padding  curve  of  superheterodyne 
circuit  resembles  that  of  a  cubic  equation 

this  curve  with  the  third  degree  curve 
suggests  that  a  cubic  equation  may  be 
used  for  the  analysis  of  circuit  con¬ 
stants.  It  has  been  determined  that 
the  third  degree  curve  best  fulfilling 
the  desired  condition  is  of  the  form, 
y  =  x® — 3/4x,  where  y  is  the  frequency 
deviation,  and  x  is  the  frequency  to 
which  the  receiver  is  to  be  tuned,  taken 
so  that  the  position  x  =  0  corresponds 
to  the  arithmetic  mean  of  the  frequency 
band.  For  zero  frequency  deviation 
{y  —  0)  the  corresponding  frequencies 
are  x  0,  x  =  V3/2,  and  x  =  — 

V3/2  as  measured  from  the  mid-fre¬ 
quency.  Thus  one  point  will  be  in  the 
middle  of  the  frequency  band  to  which  ! 
the  receiver  is  tuned,  and  the  two  others  | 
are  in  symetrical  positions  on  either 
side  of  this  point,  so  that  their  distance 
from  the  mid-frequency  is  ^(fmax  — 
/mfn)/4.  The  corresponding  oscillator 
frequencies  can  then  be  determined  by 
adding  to  the  frequencies  thus  deter¬ 
mined,  the  intermediate  frequency 
(455  kc).  Let  the  three  points  of  zero 
frequency  deviations  be  designated  by 
the  symbol  f„  f„ 

A  graphical  method  of  determing  the 
constants  of  the  three  condensers,  Co, 
Cf,  and  Cp,  is  given.  In  this  method,  a 
plot  is  made  of  suitable  values  of  C«, 
Cf,  and  Cp.  The  magnitude  of  C„  is 
plotted  below  the  horizontal  axis,  while 
the  other  two  condensers  are  plotted 
above  the  axis,  the  two  scales  being 
separated  by  one  another  at  some  con¬ 
venient  distance.  A  transparent  fan¬ 
shaped  scale  or  plot  on  which  are  plotted 
in  proper  proportions  the  values  1//,*, 
1///,  1//,®,  may  then  be  super-imposed 
upon  the  capacitance  chart,  by  properly 
aligning  a  transparent  over-lay  sheet 
with  the  capacitance  chart,  the  circuit 
design  may  be  quite  rapidly  determined. 

The  theory  of  these  design  charts  is 
covered  in  the  original  article. 


Write  for  Bulletin  2G  lot  complete  data. 


Rallanli  IIP  Laliornlorips,  Inr. 

BOONTON  NEW  JERSEY 


EXCLUSIVE  NEW  TRIPLETT 
LOW  LOSS  SWITCH 

Incorporated  in  Model  666.  Uses  two 
silvered  contacts  instead  of  one,  in¬ 
suring  lower  contact  resistance.  On 
actual  breakdown  test,  on  and  off 
operation  exceeded  10  million  times 
without  failure. 


MULTI-UNIT 

MICROPHONES 

"Have  Everything" 


Performance,  flexlaillty 
and  beauty  are  combined 
In  thie  outetandlnt  mi¬ 
crophone  achievement  for 
the  new  year. 


CHOOSE 


liiaximuin  an  pUfl- 
cation  with  ureatly 
reduced  feedback 
tendenclea.  f'annot 
be  acoustloally 
overloaded.  Dual 
dlaphrapti  con • 
Rtructlon  111  two 
miMleia.  Blark  and 
chrome  flnleh. 
Comiilete  with  In- 
lerchanieable  lock¬ 
ing  connector  and 
25  ft.  cable. 


18  STYLES 
2"  to  7" 


LIST 

PRICES 

MU.2 

t29i50 

MU-4 

S39.50 


4*  Modernlitio  Square 
Initrument  .  .  .  A.C.  or 
D.C.  All  Popular  Ranget 


Round,  Squarb 
Fan  or  Twin  Casas 


MOST  MODELS  AVAILABLE  WITH  FRONT  OR 
REAR  ILLUMINATION. 

Write  for  Catalog! 

THE  TRIPLETT  ELECTRICAL  INSTRUMENT  CO 

231  Harmon  Ava.,  BlufHon,  Ohio 


TRU-TAN  PICKUP  B-10 

This  crystal  pickup,  moderate  in  price.  Incor¬ 
porates  practically  all  the  advanced  Improve¬ 
ments  to  be  found  in  more  expensive  models 
Standard  for  recordings  to  12  Inches.  Blsi'li 
and  chrome. 

LIST  PRICE  SI7.$0 
See  Jobber  or  Write  for  Literature 
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ALL  NEW  RELAYS  by  GUARDIAN  c,e 

PROVEN 


r  -Is-r/r  3^ 


here 


BEFORE 


PRODUCTION  BEGINS 


Guardian's  Relay  Assembly  line  in  action  pictured  In  the 
above  candid  photo,  turns  out  thousands  of  Relays  every 
day.  But  before  any  relay  goes  into  production.  Guardian’s 
Experinental  Department  must  test  it  in  innumerable  ways. 
We  must  knew  In  advance  that  your  relays  wUl  perform  as 
expected.  A  uniform,  dependable,  faultless  product  is  the 
natural  result  .  .  .  ANTT  QUANTITY  AS  YOU  WANT 
THEM.  WHEN  YOU  WANT  THEM.  No  complaints  ...  no 
post-mortems. 

When  seeking  a  better  source  for  relays,  remember  it’s  not 
tho  larpest  factory  BUT  high  guali^.  fast  service,  and 
conservative  cost  that  really  count. 


EXPERIMENTAL  DEPARTMENT  where  a 
hundred  variatiens  af  one  relay  are  tasted  un¬ 
der  the  most  extreme  oenditiens  bafara  the 
final  design  ■caches  Ouardlan's  production  lines. 


Aak  Ua  To  Make  Specific  Recommendations  To  Fit  Your  Special  Requirements. 
Write  For  Catalog  "E"  Today! 


GUARDIAN^  ELECTRIC 

W.  WALNUT  STREET  CHICAGO,  ILLINOIS 


■rH  ^ 

'^HUNTER 


Set-Up  For  Service! 

You  want — for  bast  sarvico — a  source 
for  Springs  that  is  large  enough  to 
be  fully  equipped,  in  plant  facilities 
and  personnel  .  .  .  yet  not  to  large 
that  personalized  service  it  lost. 

In  HUNTER'S  two  modern  plants  it 
an  adequate  but  not  unwialdly  corps 
of  craftsmen  working  with  the  new¬ 
est  in  spring  making  equipment 
under  the  direct  tupervision  of  the 
men  who  know  you,  your  require¬ 
ments  and  Problems.  Your  orders 
gat  the  same  careful  attention  you'd 
give  them  yourself  and  your  satis¬ 
faction  it  guaranteed.  Ask  for  NEW 
SPRINQ  BULLETIN. 


: _ Ov^Ss' 


HUNTER  PRESSED  STEEL  COMPANY 
Lonsdale,  Pennsylvania  ' 


!  Study  of  Tlioriated  Tiiiif?sleu 

.■VCCORDINO  TO  AN  ARTICLE,  “Klectl’on 
Microscope  Studies  of  Thoriated  Tung¬ 
sten”  by  Arthur  J.  Ahearn  and  .Joseph 
Becker,  in  the  September  1.5  issue 
of  the  Physical  Review,  many  past  ex¬ 
periments  have  show’ll  the  thermionic 
activity  of  a  thoriated  tunAfsten  lila- 
I  ment  is  determined  by  the  concentra¬ 
tion  of  thorium  on  its  surface.  This 
concentration  is  in  turn  determined  by 
the  rate  of  arrival  and  rate  of  evapora- 
!  tion  of  thorium.  Studies  have  been 
i  made  of  the  arrival  and  evaporation  of 
I  thorium  through  the  use  of  an  electron 
microscope  used  to  obtain  electron  im¬ 
ages  of  thoriated  tunpsten  ribbons.  A 
comparison  of  the  electron  imaRes  with 
photomicrographs  shows  that  the  ac¬ 
tive  and  inactive  patches  composing 
an  electron  image  agree  in  size,  shape 
and  number  with  the  exposed  grains 
of  the  tungsten.  The  electron  micro¬ 
scope  shows  that  thorium  comes  to  the 
surface  in  eruptions  at  a  relatively 
small  number  of  points  which  are  lo¬ 
cated  at  random.  From  a  comparison 
of  photomicrographs  show’ing  thoria 
globules  and  electron  images  of  thorium 
eruptions,  it  is  deduced  that  all  the 
thorium  in  a  globule  comes  to  the  sur¬ 
face  when  an  eruption  occurs.  Patches 
such  as  a  high  temperature  flash  and 
sudden  heating  and  cooling  of  the  fila¬ 
ment  affect  the  frequency  of  eruptions. 
Thorium  eruptions  are  the  only  ob¬ 
served  manner  in  which  thorium  ar¬ 
rives  at  the  filament  surface.  They 
are  repeatedly  ob.served  in  the  earlier 
stages  of  thoriation.  Eruptions  are 
not  observed  in  the  later  stages  of 
thoriation  where  conditions  are  unfa¬ 
vorable  for  their  observers.  During 
the  process  of  thoriating  a  filament, 
the  relative  emissions  from  different 
grains  of  the  cathode  change  by  sub¬ 
stantial  amounts.  In  many  cases  this 
change  is  sufficiently  great  so  that  the 
relative  emissions  of  various  grains 
are  reversed. 


MOLECULAR  FILMS 


Irving  Langmuir  and  Dr.  Katherine 
Blodgett  (eeoted)  demonstrate  their 
technique  of  forming  molecular  lay¬ 
ers  of  oil  on  woter  to  Dorothy 
Thompson,  the  political  writer  who 
has  recently  turned  to  popularising 
scientific  achievements 
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THE  INDUSTRY  IN  REVIEW 


''Movie  Diar*  in  Ward  Radio . />>  hkrbert  chase 


The  "Movie  Dial"  is  the  dark  colored  cylinder  of  film  in  left  background,  an 
image  oi  portions  of  which  is  projected  on  ground  glass  in  top  center  panel. 
Die  castings  used  in  the  assembly  oi  the  unit  are  shown  separately  in  the 

foreground 


ANOV'KL  arra.nnement  for  tuninR 
t**rnu‘(l  the  “Movie  Dial’’  is  beinn 
used  in  certain  of  the  new  Montjr(»mery- 
Ward  “Airline”  radio  receivers  (pro¬ 
duced  by  Wells  Gardner  &  (’onii)any). 
Instead  of  usinj;  the  conventional  flat 
dial,  the  dial  itself  is  printed  photo- 
jrraphically  on  a  strip  of  film  which  is 
then  curled  into  a  cylinder.  This  cyl¬ 
inder  is  hidden  to  the  user  and  is  used 
much  as  a  slide  would  be  in  a  projec¬ 
tion  machine,  except  that  it  is  not  flat 
but  remains  in  the  form  of  a  cylinder 
which  is  arranged  for  rotation  about  an 
inclined  axis.  What  the  user  sees  is  an 
imajre  of  that  part  of  the  film  which  is 
broujrht,  in  tuninir,  into  the  projection 
aperture  of  the  projectinir  device,  the 
imaire  Ikmiih  thrown  on  a  irround  jrlass 
which  takes  the  place  of  the  usual  dial. 

.\n  accompanyinjr  illustration  shows 
an  assembly  of  the  dial  in  the  projector, 
the  irround  jrlass  and  .several  supple¬ 
mentary  parts  and,  in  the  foreirround 
.seven  zinc-alloy  die  castings  which  en¬ 
ter  into  the  assembly.  .As  will  be  seen, 
several  of  the  die  castinps  are  of  rather 
complex  shape  and  wouhl  be  difficult  to 
produce  economically  except  by  die 
castinp. 

On  the  film  are  three  bands:  short¬ 
wave,  amateur  and  broadcast,  arranped 
one  above  the  other.  These  are  broupht 
into  position  by  manual  tuninp  buttons 
which  raise  and  lower  the  film  with  its 
mountinp  drum  throuph  a  pivoted  lever 
in  contact  with  the  shaft  on  which  the 
drum  is  mounted.  There  are  also  means 
for  rotatinp  the  drum  about  its  axis  in 
synchronism  with  anpular  motion  of 
the  variable  condenser,  this  beinp  ef¬ 
fected  by  a  cord  passinp  around  the 
manual  tuninp  knob  shaft  and  the  con¬ 
denser  pulley. 

The  shaft  for  the  film  drum  is  sup¬ 
ported  in  a  die-cast  bracket  which  also 
carries  the  pivot  for  the  elcvatinp  lever, 
and  is  attached  to  a  sheet  sti*el  support 
which  carries,  in  turn,  the  die-cast 
housinp  for  the  projector  lenses.  These 
lenses  are  mounted  in  a  tube  arranped 
to  slide  in  a  cored  openinp  in  the  hous¬ 
inp  and  are  focused  by  movinp  a  pin 
passinp  throuph  an  inclined  .slot  in  the 
housinp.  .Another  die  castinp,  attached 
to  the  lens  housinp,  incloses  and  sup¬ 
ports  a  lamp  which  is  the  lipht  source 
of  the  projector. 

Stamped  parts  join  the  lens  housinp 
to  a  one-piece  die-cast  frame  havinp 
three  channels  for  plas.se.s,  the  center 
one  beinp  the  pround  plass  on  which  the 
iniape  is  projected.  At  each  side  of  this 
i^  another  plass,  one  marked  Tone  and 
the  other  Volume.  These  narrow  plas.ses 
are  below  trianpular  reces.ses  into  which 
lipht  bulbs  are  in.serted,  the  sockets 
beinp  supported  by  sprinp  clips  applied 
over  rearward  projections  of  the  die 


castinp.  Of  course  these  lamps  are 
hidden  from  view,  but  they  provide 
edpe  liphtinp  of  the  plass  slides  below 
them.  Back  of  these  plasses  are  cards 
with  openinps  throuph  which  one  may 
.see  strips  of  metal  painted  red,  the 
strips  havinp  lups  projectinp  rearward 
throuph  slots  in  the  die  castinps.  At¬ 
tached  to  the  lups  are  cords  and  return 
sprinps,  the  cords  beinp  carried  around 
pullies  which  are  attached  to  the  tone 
and  volume  control  knobs.  The  red 
strips  slide  up  or  down  in  tracks  pro¬ 
vided  for  them  back  of  the  cards  when 
the  tone  and  volume  are  varied  and 
pive  a  visual  means  for  indicatinp  the 
amount  of  chanpe  effected  when  the 
knobs  are  turned. 

Thin  fiber  board  completes  the  in¬ 
closure  around  the  rear  of  the  pround 
plass  and  prevents  lipht  other  than  that 
from  the  projector  from  beinp  thrown 


on  the  pround  plass.  .Attached  to  the 
frame  for  the  plasses  is  a  sheet  metal 
part  which  carries  the  variable  con¬ 
denser  and  the  shaft  for  the  tuninp 
knob.  The  imape  throwm  on  the  pround 
plass  includes  letters  desipnating  the 
station  and  a  scale  of  frequency  range. 
There  are  also,  separating  the  call  let¬ 
ters,  thin  horizontal  lines  representing 
respectively  Eastern,  Central  and  West¬ 
ern  stations.  On  the  plass  is  a  vertical 
red  line,  and  when  the  call  letters  of 
more  than  one  station  are  intersected  by 
this  line,  the  station  tuned  in  is  usually 
the  one  in  the  section  of  the  country  in 
which  the  listener  is  located.  Only  the 
more  powerful  stations  are  listed  by 
call  letters,  however,  and  local  stations 
are  located  by  the  frequency  scale. 
When  the  set  is  tuned  by  push  buttons, 
the  movie-dial  lamp  is  cut  off  and  no 
image  appears  on  the  ground  glass. 
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RADIATORS 


Shot  Noise  in  Diodes 

To  THE  important  contribution  of  the 
effect  of  space  charge  and  shot  noise 
in  electron  tubes  made  by  Schottky, 
Spenke,  and  others,  may  be  added  the 
article  by  A.  J.  Rack,  who  writes  on 
“Effects  of  Space  Charge  and  Transit 
Time  on  the  Shot  Noise  in  Diodes”, 
in  the  October  issue  of  the  Bell  System 
Technical  Jonnial. 

The  paper  is  too  long  and  mathe¬ 
matical  to  review  in  any  detail  here. 
According  to  the  author’s  summary,  the 
theoretical  analysis  of  the  effect  of 
space  charge  upon  the  “shot  noise”  in 
a  planar  diode  show’s  that  for  practi¬ 
cally  all  operating  conditions,  the  tube 
noise  is  equivalent  to  the  thermal  re¬ 
sistance  noise  of  the  plate  resistance 
and  0.644  times  the  cathode  tempera¬ 
ture.  Noise  in  diodes  other  than  planer 
shape  is  discussed  and  it  is  concluded 
that  the  same  relations  hold.  It  is 
shown  the  transit  time  produces  the 
same  high  frequency  modification  for 
both  the  thermal  and  shot  tube  noise, 
and  that  the  tube  noise  is  decreased 
by  transit  time. 

For  convenience  the  paper  is  divided 
into  three  parts.  In  the  first  section 
is  given  an  exact  mathematical  treat¬ 
ment  of  the  tube  noise  at  low  frequency 
in  a  parallel  plane  diode  for  any  de¬ 
gree  of  space  charge.  A  discussion 
of  the  final  tube  noise  equation  obtained 
by  this  analysis,  and  the  extension  of 
these  results  for  the  planar  diode  to 
any  other  shape  diode  is  given  in  the 
second  part,  where  the  presentation  is 
such  that  the  section  may  be  read  inde¬ 
pendently  of  the  theoretical  analysis  in 
part  one.  Through  several  approxima¬ 
tions,  the  third  part  of  the  article 
treats  with  the  effects  of  transit  time 
upon  tube  noise  in  the  planar  diode. 


a  hieh-DOwered- 


Tht  Library 
eampriiat  a  ra> 
rited  lalaclian  af 

bookf  cullad  fram 
lalMl  McC»raw* 
Mill  publicatiaat 
in  ilia  radia  bald. 


RADIO 

ENGINEERING 

LIBRARY 


—  espei-ially  selected  by  radio  speci.dists  of 
McGraw-l  fill  piibliratiuns 

—  to  give  most  complete,  dependable  cov¬ 
erage  of  facts  needed  by  all  whose  fields 
are  giomided  on  radio  finid.mientnis 

—  available  at  a  sitecial  price  and  lernu 


■  Erected  in  less  than 
15  minutes 

■  Made  in  standard 
heights  up  to  100  feet 

■  Can  he  stored  or 
transported  in  sections 
as  short  as  6' 6". 

One  of  the  new  I.lnKO  de¬ 
velopments  is  this  liRht- 
weiKht  Iturul  Portable  Ra¬ 
diator.  Compact — it  can 
he  stored  in  as  short  ns 
ti'd"  lenRths,  if  necessary, 
and  erected  by  two  men  in 
15  minutes,  ready  for 
emerceney  use.  This  is  a 
worthwhile  investment  for 
every  broadcast  station  as 
a  supplement  to  the  per¬ 
manent  antenna  in  event 
of  failure.  It  is  also  use¬ 
ful  in  testinR  for  new  sta¬ 
tion  sites  and  many  other 
portable  purposes.  These 
radiators  can  be  easily 
transported  and  set  up  at 
any  point  for  instant  use. 
.\monK  the  present  users 
are  the  Pennsylvania  State 
Police.  The  Canadian  Na¬ 
tional  Research  Council, 
The  Itrazilian  Government 
and  the  President  of  Gua¬ 
temala. 


These  hooks  cover  circuit  iiheiioiiieiie.  tiihe 
tlieory,  iiel  works,  iiieasureiuenls.  aiiil  other 
siih.lecis—  Kive  speelallvEeil  Irealiiieiit  of  all 
flelda  of  iiraellcal  design  niid  iipi'llrallon 
They  are  books  of  recogiii'/.ed  posllloii  In  the 
llteruliire — Itnoks  you  will  refer  lo  siiil  he 
referreil  to  often.  If  you  are  a  researcher 
or  expel liiieiiler — If  yoiir  Interest  In  isdio  Is 
deep  set  and  based  on  a  real  desire  In  go 
further  In  llila  Held — you  want  these  books 
for  the  help  they  give  In  hniidreds  of  proh 
lenis  throiighoiit  the  wlnde  Held  of  radio 
engineering. 


^  volume*  306  t  p<ige«,  2000  illiiilroliont 

1.  r.I.ASGOW’S  P  R  I  N  C  I  P  I.  E  S  OF 

RADIO  ENGINEERING 

2.  Ter  m  a  ii  ’  s  MEASUREMEN  I  S  IN 

RADIO  ENGINEERING 

}.  Cbaflee’s  I  HEORY  OF  THERMIONIC 
VACUUM  TUBES 

4.  Hund’s  PHENOMENA  IN  HIGH- 

FREQUENCY  MEASUREMENTS 

5.  Heniiey’s  RADIO  ENGINEERING 

HANDBOOK 


Measuring  Airplane  Noise 


Special  Low  Price  and  E.isy  Terms 


Complete  Details 
On  Request: 

Consult  us  for  any  technical 
information  regarding  your 
present  or  proposed  antenna 
system.  IVe  have  complete  ex¬ 
pert  engineering  knowledge 
as  the  'result  of  numerous 
field  tests  _  conducted  under 
the  supervision  of  outstand¬ 
ing  radio  engineering  consul¬ 
tants.  Write  for  illustrated 
folder  on  Portable  Dural  Ver¬ 
tical  Radiators.  Be  sure  to 
state  location,  frequency  and 
power  of  station. 


BoiiKht  singly,  t!ie  five  voinnies  comprising 
this  library  woubl  cost  you  $26.00.  Under 
tills  offer  you  save  $2.50  and,  :n  addition, 
have  the  privilege  of  iiaying  In  easy  install- 
menls  beginning  with  $2.50.  10  days  after 

receipt  of  the  books,  and  $.1.00  monihly  there¬ 
after.  Already  these  books  are  recognixed  as 
standard  works  that  you  are  bom  d  to  require 
sooner  or  later.  Take  advantage  of  these  con¬ 
venient  term.s  to  add  them  to  your  library  now. 


SKM>  TIil.S  ON-AI’I’ICOVAI.  COIIPGN 

RIcGriiw- mil  Hook  Co.,  Inc. 

530  \V.  42nd  St..  New  York.  N.  Y. 

Srnd  me  Itadlo  Kiixlnrerlnx  I.iliiary  5  roll.,  for 
It  <layi’  rxanilnatluii  on  a|ii>rursl.  In  It  dayi  I 
will  irnd  $2  St,  plui  few  rente  poeleis,  end 
$S.tt  monthly  till  $13. 5t  li  paid,  or  return  booka 
poilpald.  IWe  pay  postage  on  ordera  accom¬ 
panied  by  reinlltanre  of  flrat  Installment.) 


JOHN  E.  LINGO  &  SON,  INC. 

D*pt.  E-1  Camden,  N.  J. 


Name 


Measurements  of  noise  inside  a 
transport  plane  are  being  made  by 
W.  O.  Osborn,  research  engin.ier. 
using  a  noise  meter  oi  his  own 
design,  in  an  eiiort  to  determine 
causes  for  noise.  Reduction  of 
noise  is  one  of  the  most  persistent 
problems  oi  commercial  aviation 


city  and  Stats 


Poaltloo 


I  Company  . L-10-38 

a 

•  (Books  sent  on  approval  in  TJ.  8.  and  Canada  only.) 
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AN  electronics  PHENOMENON 


Month  after  Month,  You  Get  MORE 

for  What  You  PAY  in  ELECTRONICS  Advertising 

As  the  electron  tube’s  value  is  expanded  in  industry,  so  spreads 
the  circulation  of  ELECTRONICS  into  the  design  and  production 
headquarters  of  the  important  industries  of  the  World. 

If  your  product  goes  into  radio  or  television  sets  alone, 

ELECTRONICS  gives  you  penetration  into  every  plant  —  to 
every  important  individual.  (More  than  100  copies  o  month 
into  several  big  plants.) 

If  you  moke  only  broadcasting  and  communication  equipment, 

ELECTRONICS  covers  your  market  more  completely  than  any 
other  publication. 

ALL  AT  LOW  COST  PER  PROSPECT 

But  there  is  PLUS  VALUE  at  NO  EXTRA  COST 

The  "Industrial  Group”  of  ELECTRONICS  circulation  is  expanding 
five  times  faster  than  the  total  increase.  It  gets  through  the  doors 
inaccessible  to  salesmen,  where  new  products  are  being  invented, 
developed  and  prepared  for  quantity  production. 

CAN  THIS  BROAD  COVERAGE  OF  DESIGN  HEADQUARTERS  HELP  YOU? 

You  can  see  for  yourself.  We  have  made  a  survey  of  the 
ELECTRONICS  Industrial  Circulation  Group  which  will  show  you 
that  it  is  the  class  list  of  design-headquarters  coverage.  We  can’t 
send  you  this  survey.  It’s  too  confidential.  Ask  any  ELECTRONICS 
salesman  to  show  it  to  you,  or  write  us.  We  will  arrange  to  have 
you  see  it. 

PUT  YOUR  SALES  MESSAGE  IN  ELECTRONICS 
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FORMED  PARTS 

TUNGSTEN  AND  MOLYBDENUM 


CALLITE 


PRODUCTS 

DIVISION 

ST.  •  UNION  CITY.  N.  j. 


EISLER  ELECTRIC  CORP, 


REMLER 


•f  Frederick  R.  Lack,  formerly  director 
of  vacuum  tube  development  at  Bell 
Telephone  Laboratories,  was  appointed 
General  Commercial  Engineer  of  the 
Western  Electric  Company.  He  will 
have  charge  of  the  sale  of  broadcast¬ 
ing  equipment ;  aviation,  police  and  ma¬ 
rine  radio,  etc.  Mr.  Lack  directed  the 
installation  of  a  radio  link  between 
Peking  and  Tientsin  and  installed  the 
first  multiplex  teletypewriters  for  the 
.Japanese  Government,  receiving  in  rec¬ 
ognition  the  Order  of  the  Rising  Sun 
.  .  .  Preliminary  installation  work 
has  been  started  at  Station  WHO,  Des 
Moines,  in  connection  with  an  experi¬ 
mental  investigation  of  a  new  system 
of  transmission  which  will  employ  poly¬ 
phase  radiation  to  accomplish  ampli¬ 
tude  modulation  and  normal  reception 
with  conventional  broadcast  receivers. 
The  research  program  is  being  con¬ 
ducted  by  Paul  Jjoyet,  Technical  Di¬ 
rector  of  the  Central  Broadcasting 
Company,  and  by  the  engineering  staff 
of  Collins  Radio  Company  .  .  .  Cor- 
nell-Dubilier  F]lectric  Corp.  and  In¬ 
ternational  Standard  Electric  Corp. 
entered  into  a  contract  whereby  the  as¬ 
sistance  of  the  engineering,  manufac¬ 
turing  and  commercial  divisions  of 
Cornell-Dubilier  becomes  available  to 
International  Standard  for  the  produc¬ 
tion  and  sale  of  electric  capacitors 
through  its  affiliated  manufacturing 
companies  abroad  .  .  .  C.  P.  Clare 
&  Company,  manufacturers  of  relays 
and  electro  mechanical  specialties  and 
their  associate  company  the  Logan  En¬ 
gineering  Company,  are  now  located  in 
their  new'  daylight  plant  at  Lawrence 
and  I.amon  Avenues,  Chicago.  The 
move  was  necessitated  by  a  decided 
and  constant  growth  of  both  companies 
.  .  ,  Solar  Mfg.  Corp.,  New  York 
City  and  Bayonne,  N,  J.,  announces 
the  advancement  of  J.  1.  Cornell  to 
the  position  of  Chief  Engineer.  Mr. 
Cornell  came  to  Solar  as  consulting  and 
field  engineer,  having  previously  been 
Chief  Engineer  and  Director  of  the 
Magnavox  Company,  section  engineer 
on  components  with  RCA,  and  with 
General  Electric  Company.  He  is  a 
member  of  the  IRE,  Chairman  of  the 
RMA  Committee  on  Electrolytic  Capa¬ 
citors,  and  a  frequent  contributor  to 
engineering  magazines  and  handbooks. 
.  .  .  Hazeltine  Service  Corporation 
announces  the  following  rearrangement 
of  executive  personnel:  William  A. 
McDonald,  Vice  President  in  Charge 
of  Engineering;  Harold  A.  Wheeler, 
Vice  President  and  Chief  Consulting 
Engineer;  and  Daniel  E.  Harnett, 
Chief  Engineer  .  .  .  Supreme  Instru¬ 
ments  Corp.  announces  E.  G.  Perkins 
as  its  new  Chief  Engineer  .  .  .  Aerovox 
Corp.  announces  the  moving  of  its  plant 
and  general  offices  from  Brooklyn,  N.  Y. 
to  larger  quarters  at  New  Bedford, 
Mass.  The  new  plant  will  be  in  full 
operation  by  the  first  of  February. 


standard  Imped¬ 
ances  of  50,  200, 
250  and  500 
ohms.  Special 
values  to  order. 


Famous  Remler  qualify  .  .  .  unequalled  reliability 
and  ease  of  operation.  Long  life  .  .  .  trouble- 
free  service.  Attenuation  variable  In  27  steps  of 
I  2/3  db.  per  step  up  to  45  db.  fading  in  three 
additional  Increasing  steps  from  45  db.  to  in¬ 
finity.  A  single  sliding  contact  In  the  input  cir¬ 
cuit  results  in  contact  noise  being  attenuated 
within  the  unit  in  direct  proportion  to  the  loss 
introduced  in  the  circuit,  providing  a  constant 
signal-to-noise  ratio.  Impedance  practically  con¬ 
stant  over  the  entire  range  of  the  pad.  Silver 
contacts. 


iPraise! 


One  engineer  writes  **.  .  .  In 
almost  dally  service  since  1933 
.  .  to  date  we  have  never  had 
a  noisy  or  defective  Remler 
Attenuator.”  Another  letter 
states:  “Compared  to  atten¬ 
uators  which  require  cleaning 
every  month  to  six  weeks, 
your  attenuators  have  been 
outstanding.  We  know  of  no 
other  attenuators  that  have 
even  closely  approached  the 
service  given  by  our  Remlers." 


REMLER  COMPANY.  Ltd 

19th  at  Bryant  San  Franciscf 


GRIDS 

PLATES 

CATHODES 


COPPER  -  CLAD  FORMED 
PARTS 


HOOKS  AND  PIGTAILS 


TRIMET  LEAD-IN  WIRE 


TUNGSTEN  FILAMENT 
WIRE 


MOLYBDENUM  ANCHOR 
WIRE 

SPECIAL  FILAMENT 
SPRINGS 


^/OU  can  depend  on  the  name  CALLITE  for  quality 
in  tungsten  and  molybdenum  parts.  CALLITE 
CERTIFIED  means  uniform,  tested,  proven  quality.  What¬ 
ever  your  particular  requirements,  specify  CALLITE. 
Our  engineering  staff  is  ready  to  assist  you  with  your 
problems.  Special  shapes  on  formed  parts  made  accur¬ 
ately  to  specifications.  Your  inquiries  are  invited. 
Catalog  on  request. 


TWO  AND  THREE  PIECE 
WELDS  FOR  HARD  AND 
SOFT  GLASS 


KULGRID  "C  ”  TUNGSTEN 
WELDS,  ETC. 
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Vacuum  Tubes.  Bulletins  available  on 
lOOTH,  250TH,  35T,  KY21,  and  RX21. 
Eitel-McCullough,  Inc,,  San  Bruno,  Cal. 

Radio  World-Time  Indicator.  A  chart 
to  determine  the  time  prevailing  at  any 
locality  in  the  world.  Price  50c.  A.  F. 
Ghirardi,  Radio  &  Technical  Publishing 
Co.,  45  Astor  Place,  New  York  City. 


The  complete  Bliley  line  includes 
ovens,  holders  and  crystals  for  all 
frequencies  from  20  kc.  to  30  me. 
Several  new  units  have  recently  been 
developed  for  high  frequency  mobile 
work.  Write  today  for  Cataloq  G-10 
for  full  description. 


BLILEY  ELECTRIC  COMPANY 

UmON  ITATION  ■UILD1N6  EAIE,  PA. 


Antenna  Coupling  Units.  Thoroughly 
described  in  Bulletin  87.  Victor  J.  An¬ 
drew,  6429  S.  Lavergne  Ave.,  Chicago, 
Ill. 


CRYSTALS 


Hand  Tachometers.  Bulletin  1585  de¬ 
scribes  Frahm  Vibrating-Reed  Hand 
Tachometers.  Jas.  (I.  Biddle  Co.,  1211 
Arch  St.,  Philadelphia,  Pa. 

Chime  Music.  “The  Tower  Tone”  is 
described  in  leaflet.  Rangertone,  Inc., 
j  201  Verona  Ave.,  Newark,  N.  J. 

'  Carbide  Tool  Tips.  Bulletin  No.  11. 

!  Gives  detailed  procedure  to  follow  in  j 
brazing  cemented  carbide  tool  tips  to  | 
tool  holders  with  Easy-Flo  No.  3  Braz¬ 
ing  Alloy.  Handy  &  Harman,  82  Fulton 
St.,  New  York  City. 

;  Transmitters.  16-page  bulletin  “Temco 
1  Transmitters”  describes  and  illustrates 
]  products  of  Transmitter  Equipment  j 
!  Mfg.  Co.,  Inc.,  130  Cedar  St.,  New 
j  York  City. 


,  Mercury  Arc  Rectifier.  Allis-Chalmers 
Electric  Rei'ietv  December,  1938  issue 
contains  a  well-illustrated  story  on 
‘‘What  goes  on  in  the  Mercury  Arc 
Rectifier”.  Allis-Chalmers,  Milwaukee, 

I  Wis. 

I  I 

Metallizing  Gun.  Bulletin  37.  For  use  I 
in  spraying  of  copper  on  carbon  and 
graphite  resistors  and  brushes  for  elec¬ 
trical  connections  and  in  the  manufac¬ 
ture  of  condensers.  Bulletin  P  10  de¬ 
scribes  metallizing  process.  Metallizing 
Engineering  Co.,  Inc.,  44  Whitehall  St., 
New  York  City. 


SENSITIVE 

RELAYS 

For  use  where  sensitivity 
with  dependability  is 
requisite 

Write  ior  data  sheets 
giving  full  details 

Sigma  Instruments,  Inc. 

388  Tropelo  Road 

Belmont  •  Massachusetts  -  U.  S.  A. 


Addreu  . 

City . State 

□  Alto  tend  me  Converter  Catalog 


Sensitive 

Instruments 


ACOUSTIC 

SWITCHES 

AUDIO¬ 

FREQUENCY 

RELAYS 


PIONEER  GEN-E-MOTOR  CORPORATION 
Dept.  R-4A,  466  W.  Superior  Street.  Chicago,  Illinois 
Please  send  me  "Plncor"  Silver  Band  Dynamotor 
Catalog  and  Data  Sheets. 


Name 


Literature 


Single-ended  Pentagrid  Converter.  The 
6SA7  is  described  in  Application  Note  i 
No.  100.  RCA  Mfg.  Co.,  Harrison,  N.  J. 

1 

Capacitor  Catalog.  Contains  informa- ' 
tion  for  servdeemen  and  dealers.  In¬ 
cludes  description  of  Model  73  Labora- 
j  tory  Type  Condenser  Bridge  and  An-  i 
alyzer.  Tobe  Deutschmann  Corp.,  Can-  > 
ton.  Mass.  i 

Capacitors.  Described  and  illustrated  in 
40  page  1938-1939  Catalog  No.  161,  and 
also  12  page  No.  165-A.  Cornell-Dubi- 
lier  Electric  Corp.,  1000  Hamilton  Blvd., 
S.  Plainfield,  N.  J. 


“Pincor** 
Type  “PS** 
Dynamolor 


A  Complete  Line 
For  Every  Purpose 


Rack  and  Panel  Equipment.  Catalog 
emphasizes  streamlining  and  color  har¬ 
mony.  Department  EM-98,  Par-metal 
Products  Corp.,  3529  41st  Ave.,  Long 
Island  City,  N.  Y. 


**Pincor’* 
Type  “DA** 
Converter 


Radio  engineers  have  learned  from  ex¬ 
perience  lhat  Pioneer  Gen-E-Motor  Cor¬ 
poration's  dynaniotors,  gen-e-motors  and 
converter.>i  provide  the  last  word  in  de¬ 
pendable  power  supply  units  for  air  craft, 
police,  marine  and  auto  radios  and  public 
address  systems.  They  are  available  in  a 
wide  range  of  capacities  for  every  require¬ 
ment.  Designed  and  constructed  to  give 
maximum  long  life  and  service.  Light 
weight  and  compact.  For  complete  in¬ 
formation  fill  out  and  mail  coupon  below. 


PIONEER  OEN-E-MOTOR  CORP. 

466  W.  Superior  St.,  Chicago 

Export  Address 
25  WARREN  ST. 

NEW  YORK,  N,  Y, 
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Modern  Fastening  Devices.  A  new  cata-  , 
log-data  book  is  available  to  engineers,  I 
production  officials,  and  purchasing 
agents.  A  great  deal  of  time,  thought  j 
and  money  was  expended  in  the  prepa-  i 
ration  of  this  book.  It  is  well  edited; 
neatly  indexed;  illustrated,  containing 
color  pages;  beautifully  bound;  and  be¬ 
sides  being  generally  useful  is  a  beauti¬ 
ful  example  of  catalog  makers’  art. 
I’arker-Kalon  Corp.,  200  Varick  St.,  New 
York  City. 


New  Products- 


Tubes 

KC.\  Mkg.  C»>.  announces  two  new 
“single-ended”  metal  receiving  tubes:  ! 
The  GS.\7,  pentragrid  converter,  a  i 
mixer-oscillator  especially  for  all-wave 
sets;  and  the  OSCT,  twin  triode  ampli¬ 
fier  intendinl  primarily  for  i)hase- 
inverter  service. 

Micam(U.I)  Radio  Cord.,  10S7-1095 
Flushing  Ave.,  Brooklyn,  N.  Y.,  an¬ 
nounces  a  new  series  of  Ballastrons,  ; 
types  X,  Y,  and  Z,  intended  to  solve 
the  replacement  problem  by  an  adju.st- 
ment  on  the  base.  The  X  and  Y  Bal¬ 
lastrons  replace  both  standard  and  i 
special  octal  base  types,  while  the  Z  i 
Ballastron  replaces  the  types  having  i 
the  four-prong  or  UX  base.  I 


.\  RAKEI.ITE  ENCASED  a-c  clamp-amme- 
ter,  announced  by  Weston  Fleet rical 
Instrument  Corp.,  Newark,  N.  .1.,  com¬ 
bines  scale  ranges,  10,  25,  50,  100  and 
500  amps,  and  will  measure  current 
flow  through  conductors  (insulated  or 
non-insulated)  up  to  21  in.  in  diameter. 
The  instrument  is  etpiipped  to  measure 
low  as  well  as  high  values  and  any 
one  of  the  0  ranges  may  be  selected 
by  means  of  a  magnetic  circuit  which 
permits  only  the  conductor  within  the 
clamping  jaw  to  influence  the  indication 
of  the  instrument.  With  a  single  con¬ 
ductor  through  the  clamping  jaws,  cur¬ 
rent  values  from  1  to  500  amps  can  be 
conveniently  read.  It  may  be  safely 
used  on  000  volts  a-c. 


I’ortable  R«M*onler 

Uadiotone,  I  NX.,  7250  Melrose  .Ave., 
Hollywood,  Cal.  announce  a  new  jxirt- 
able  recorder  the  HR-10  which  will 
make  up  to  the  10  in.  size  record.  Other 
features  of  the  unit  are:  Dual  speed, 
23J  or  78  rpm,  changeable  instan¬ 
taneously,  outside  or  inside  recording, 
built-in  rad’o  tuner  covering  the  broad¬ 
cast  band  550  to  1600  kc.  It  may  also 
t)e  used  as  a  PA  system.  Literature 
is  available. 


60%  INCREASE 


IN  DEFLECTION 
SENSITIVITY 


WITH  THE 


DuMONT 


INTENSIFIER  TYPE  CATHODE-RAY  TUBE 

The  intensifier  type  cathode-ray  tube  represents  the  first  fundamental  im¬ 
provement  affecting  deflection  sensitivity  since  the  inception  of  these  tubes 
over  forty  years  ago.  With  this  new  type,  an  increase  in  deflection  sen¬ 
sitivity  as  great  as  60%  may  be  realized. 

Available  in  five-  and  nine-inch  diameter  blanks,  the  intensifier  type 
cathode-ray  tube  will  effect  many  savings  in  television  receiver  designs 
due  to  its  increase  in  deflection  sensitivity,  lower  modulation  voltage 
requirements,  and  more  economical  filter  requirements. 

ALLEN  B.  DU  MONT  LABORATORIES,  INC. 


PASSAIC 


Cable  Address 
WESPEXLIN.  NEW  YORK 


NEW  JERSEY 


GOAT'S  HISTORY  OF  SIGNIFICANT  EVENTS— I 


IN  '93 


In  '93  .  .  .  the  World's  Fair  (Colum¬ 
bian  Expositon)  at  Chicago  brought 
new  thrills  to  an  otherwise  sophisti¬ 
cated  era.  That  year  also  saw  Fred 
Goat  found  the  Fred  Goat  Company 
.  .  .  for  the  purpose  of  cooperating 
with  the  metal  working  and  special 
machinery  industries  in  furthering  im¬ 
portant  developments  in  both. 


AND  SO  TODAY  .  .  . 


in  1939  .  .  .  nearly  half  a  century  later,  the  great¬ 
est  of  all  World's  Fair  is  about  to  introduce  "the 
World  of  Tomorrow"  to  an  even  more  sophisticated 
era.  Goat  Radio  Tube  Parts,  Inc.  (a  division  of  the 
Fred  Goat  Co.)  is  proud  of  its  10-year  record  of 
cooperating  with  radios  leading  engineers  in  con¬ 
stantly  improving  radio  reception  through  the  use 
of  the  most  improved  types  of  form  fitting  tube 
shields. 


GOAT  RADIO  TUBE  PARTS,  inc 

(A  DIVISION  OF  THE  FRED  GOAT  CO.,  EST.  Ii93| 

314  DEAN  ST.,  BROOKLYN,  N.  Y. 
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This  NEW  Microhm  Air-Cooled  Power  Resistor,  type 
CA  is  designed  to  meet  the  industrial  demand  for  a 
smo/Zer  and  more  efficient  power  resistor,  that  is  adapt¬ 
able  for  more  convenient  mounting  arrangements,  and 
that  is  unaffected  by  moisture  and  atmospheric  conditions. 
Study  these  7  new  features  of  the  Type  CA 

1.  3S%  smaller  in  siie. 

2.  Lower  temperature  operation. 

3.  Lighter  in  weight. 

4.  Universol  mounting. 

5.  Competitively  priced. 

6.  Sealed  against  moisture  in  Aluminum 
shell. 

7.  "Aluminite"  finish  on  shell  increases 
heat  dissapation  and  prevents  corro¬ 
sion. 

Made  in  standard  sized  units  from  10  to 
1^  50.000  ohm  rating  at  50  Watts.  Units 

iP  measures  l%"  long  x  I  •/s"  OD,  ends 

JRfe  tapped  and  threaded  for  6/32  screw. 

Send  for  illustrated  literature,  or  send 
u\  specifications  for  samples. 


Mounted 

Upright 
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Ward  Leonard 
plate  type  rheo¬ 
stats  dissipate 
heat  more  rapidly 
by  radiating  it 
from  both  sides. 

Thus  hot  spots  are  avoided  and  resistance  ele- 
ments,  insulation  and  contacts  are  not  sub- 
jected  to  destructive  temperatures.  That  is  4  i/f 
why  Ward  Leonard  rheostats  live  longer. 

Available  in  6",  8"  and  13"  size*  in  wide  mountings  r 

and  resistance  values.  Send  for  descriptive  bulletins. 

WARD  LEONARD 

32  SOUTH  STREET,  MOUNT  VERNON,  N.  Y. 

Electric  Control  Devices  Since  1892 


Counting  Unit 

For  accurately  recording  of  produc¬ 
tion,  Lipman  Engineering  Co.,  415  Van 
Braam  St.,  Pittsburgh,  Pa.,  has  devel¬ 
oped  a  Type  PC-3  counting  unit.  It  is . 
supplied  complete  with  photoelectric 
cell  relay,  light  source,  power  supply, 
and  counter.  Polarized  plug  connec¬ 
tions  for  cables  increase  the  usefulness 
of  the  equipment  on  multiple  installa¬ 
tions  permitting  phototube  amplifier 
and  relay  to  be  removed  for  check  or 
replaced  in  a  few  seconds.  The  unit 
is  guaranteed  accurate  to  600  counts 
per  minute  or  36,000  counts  per  hour. 
Estimated  tube  life  is  7,000  to  10,000 
hours. 


S|HH*cli  Amplifier 

An  improved  automatic  over-modula¬ 
tion  control  circuit  is  featured  in  the 
new  foundation  kit  of  Thordarson  Elec¬ 
tric  Mfg.  Co.,  500  W.  Huron  St.,  Chi¬ 
cago,  Ill.  The  amplifier  is  designed  for 
the  amateur  and  commercial  transmit¬ 
ter.  Push-pull  2.'\3’s  are  used  with  a 


1  III  m  "T 1 

iT*  r  1 1 

1 1 1 H  iV 

'ii 

AIR  COOLED 

POWE  R  RESISTORS 


choice  of  either  a  500  ohm  output  trans¬ 
former  for  remote  control  operation  or 
one  of  the  new  Multi-Match  or  Uni¬ 
versal  driver  transformers  for  use 
where  the  amplifier  is  closely  adjacent 
to  the  modulator.  The  output  is  suf¬ 
ficient  for  driving  any  class  B  stage  up 
to  500  watts  output.  Further  details 
and  circuit  diagrams  are  given  in  Bul¬ 
letin  SD-389. 


Reversible  Motors 

Reversible  .motors.  Type  R,  for  auto¬ 
matic  radio  tuning  are  announced  by 
Alliance  Mfg.  Co.,  377  Broadway,  New 
York  City.  The  motors  are  compact 
and  enclosed  and  have  graphite,  self¬ 
aligning  bearings,  with  large  oil  re¬ 
serve  washers  to  insure  quiet  opera¬ 
tion  and  long  life.  The  input  require¬ 
ments  range  from  50  watts  in  the  high 
torque,  light  duty  cycle  motors,  down 
to  8  or  10  watts  for  low  torque,  con¬ 
tinuous  duty  motors.  They  can  be 
supplied  with  gear  reductions  of  40  to 
1,  307  to  1,  or  800  to  1,  and  are  avail¬ 
able  in  a  variety  of  voltages  and  fre¬ 
quencies  to  suit  particular  require¬ 
ments. 


r 


i\lo£t 

^  MICA 
CAPACITORS 


RACXO  COMPASS  TUNING  UNIT 


Co>\  Conipoiiaiit  Farts 

Co-X  KITS  MAMKACTL'RED  by  Trans¬ 
ducer  Corp.,  30  Rockefeller  Plaza,  New 
York  City,  are  for  experimenters,  radio 
jobbers,  and  amateurs  who  wish  to  as¬ 
semble  their  own  coaxial  cable  in  order 
to  obtain  lengths  of  conductor  of  what¬ 
ever  characteristics  they  wish.  A  kit 
contains  all  necessary  parts  for  easily 
assemblinK  Co-X  of  i  in.  diameter  size, 
includinp:  inner  conductor,  insulators, 
outer  shielding,  clips,  .screws,  nuts  and 
eyelets,  together  with  full  instructions 
on  how  to  assemble  this  conductor. 
Anhygron  B  ceramic  type  beads  are  in¬ 
cluded. 

In  addition  to  the  kit  Transducer 
sells  completed  concentric  cable  of  two 
types,  a  ceramic  and  a  resinoid  type. 


‘^AomUnputt^Ou^uit 


DirtM'tioii  Finder 


A  MOTOK-DKiVEN  LOOP  in  the  new  auto¬ 
matic  direction  finder  .\RC-fi  enables 
bearings  to  be  taken  automatically  by 
tuning  the  station  in.  The  automatic 
r-f  relays  .start  the  motor  and  cause 
the  loop  to  rotate  until  its  front  face 
points  directly  at  the  station.  The  re¬ 
ceiver  for  this  product  of  Lear  Devel- 


DUSOffY  AKTENNA.  New  Ohmice 
Vacuum-Type!  Offers  more  than  10  con¬ 
venient,  practical  ways  to  improve  trans¬ 
mitter  efficiency.  Used  to  measure  actual 
output  for  tuning  up  to  peak  efficiency, 
and  many  other  purposes.  Bulletin  111 
tells  the  story.  Send  for  it  today. 

RHEOSTATS.  Time-proved  Ohmite  all- 
porcelain  vitreous-enameled  Rheostats 
(Underwriters’  Laboratories  Listed).  Pro¬ 
vide  permanently  smooth,  closely  graduated 
current  control.  VCidest  range  of  types, 
sizes  and  values. 

EiyiEOHMS.  Handy  vitreous-enameled 
Adjustable  Resistors  for  quick,  accurate 
change  of  resistance  value.  Convenient 
Voltage  Dividers.  10  to  200  watts. 

riXED  RESISTORS.  Vitreous-Enam- 
eled.  Regular  and  non-inductive  types — 
general-purpose  and  precision  units,  fixed 
or  tapped.  Hundreds  of  convenient  stock 
sizes  and  values. 


%  From  tiny  bakelite-molded 
"postage  stamp"  unit  for  receiving 
circuits,  to  large  porcelain-case 
unit  for  high  frequency  transmit¬ 
ting  requirements,  A  E  R O  V  OX 
offers  fifteen  standard  types  of 
mica  condensers.  This  exceptional 
choice  meets  any  standard  need. 
But  if  your  requirements  are  quite 
special,  AERO  VOX  will  design  and 
build  just  what  you  need. 


BROWH  DEVIItS.  Popular,  economi¬ 
cal,  dependable  resistors  for  voltage  drop¬ 
ping,  bias  units,  bleeders,  etc.  10  and  20 
watt  sizes. 

BAND  SWITCH.  Provides  instant,  easy 
change  from  one  frequency  to  another  with 
really  low-loss  efficiency.  For  all  trans¬ 
mitter  stages. 

R.  P.  FINITE  CHOKES.  High  fre¬ 
quency  solenoid  chokes  designed  to  avoid 
either  fundamental  or  harmonic  resonance. 

POWER  DINE  CHOKES.  Keep  R.  F. 
currents  from  going  out  over  the  power 
line — lessen  interference  with  BCI  re¬ 
ceivers. 


opments  Inc.,  Mineola,  N.  Y.,  may  be 
controlled  by  cry.stals  to  assure  imme¬ 
diate  cont-act  with  the  ground  station. 
Simultaneous  reception  of  signals  and 
direction  finding  is  possible  on  three 
bands  180-40.")  kc,  500-1200  kc,  and 
1200-2800  kc.  In  addition  it  provides 
communication  reception  between  2800 
and  ()700  kc. 


Along  with  all  other  departments, 
the  Mica  Department  has  been  ex¬ 
panded  and  provided  with  much 
new  equipment  in  the  giant  New 
Bedford  plant  now  the  home  of 
AERO  VOX  products. 


Send  Today  for 
Your  Copy  of 
Ohmite  Catalog 
17  listing  ex- 
tensii  e  range  of 
stock  types,  sizes 
and  values  de¬ 
signed  to  meet 
your  needs 
tfutckly,  economi¬ 
cally. 


Electroplating  Kit 

“Rapid  .Klectroilater"  does  electro¬ 
plating  with  a  brush.  The  plating  com¬ 
pounds  (available  in  nickel,  copper, 
brass,  cadmium,  tin,  zinc,  gold  and  sil¬ 
ver)  are  of  jelly-like  consistency  and 
can  be  evenly  applied  on  an  object  in 
any  position.  No  acids  or  liquids  are 
used.  Plating  can  be  applied  on  all 
metals  except  chromium  and  aluminum 
and  plating  current  is  supplied  either 
by  ordinary  dry  cells  or  a  transformer- 
rectifier  operating  from  110  volt  a.c. 
Electro-plating  Process,  Inc.,  1414  S. 
Wabash  .Ave.,  Chicago,  Ill. 


Submit  Your  Needs 


Apply  A.A.E.  (AEROVOX  Applica¬ 
tion  Enqinooring)  to  your  condonsor 
problomc.  It  usually  moans  a  bottor 
assombly  for  loss  cost.  Moanwhile, 
our  now  plant  is  roady  to  moot  your 
dolivory  schodulos  onco  moro. 


OHMITE  MANUFACTURING  CO. 

4825  WEST  FLOURNOY  STREET.  CHICAGO 


"*  CORPORATION 

NEW  BEDFORD,  MASS 
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A  Complete 
RCA  Cathode  Ray 
OSCILLOGRAPH 


•  For  the  past  15  years  every 
major  improvement  in  the 
electrical  alloy  art  has  been 
sponsored  by  Wilbur  B.  Driver. 

•  And  in  'Tophet  (pronounced 
tol-fet)  you  are  ottered  the  sum 
total  ot  the  pioneer's  experi¬ 
ence,  skill  and  good  name. 


WILBUR  B  DRIVER  CO. 


RCA  Manufacturing  Co.,  tnc.,  Camden,  N.  J. 
A  Service  of  Radio  Corporation  of  America 


Portable  D-C 

Type  DP-9  “Concentric-Magnet”  in¬ 
strument  announced  by  General  Elec¬ 
tric  Co.,  Schenectady,  N.  Y.  provides  a 
d-c  companion  for  the  Type  .\P-9  a-c 
line.  The  new  d-c  unit  combines  the  ad¬ 
vantages  of  small  case  size,  case  styling, 
and  general  convenience  with  added 
features  of  mechanical  simplicity,  high 
sensitivity,  and  magnetic  shielding. 
The  instrument  is  equipped  with  a 
knife-edge  pointer  and  mirror  scale  4.1 
in.  long.  Standard  accuracy  is  i  of  1 
per  cent  of  full  scale  value.  It  is  avail¬ 
able  as  a  voltmeter,  ammeter,  milli- 
voltmeter,  milliammeter,  microamme- 
ter,  and  thermocouple  voltmeter. 


A  genuine  Cathode  Ray  Oscillo¬ 
graph,  complete  with  both  verti¬ 
cal  and  horizontal  amplifiers  and 
sweep  circuit  oscillator  is  a  neces¬ 
sity  for  all  physical  and  electronic 
laboratories.This  fine  unit  h  as  com¬ 
plete  facilities  for  a  wide  variety  of 
uses  and  is  priced  within  range  of 
the  most  modest  budget.  Just  check 
the  specifications  and  you’ll  agree 
that  at  $39.95  it’s  a  real  value! 


'foilay  tin*  t  riulc-iiaiiu*  “Mfgj;cr” 
embraces  a  wide  variety  of  port¬ 
able  direct-reading  instniinents  for 
measuring — 

insulation  resistance  »ip  to 
lU.UUO  inegobins, 

conductor  resistance  <1o\mi  to 
.(K)O(Mll  (dun, 

ground  resistance  in  olinis, 
capacitance  in  microfarads,  and 
water  juirity  in  units  of  con¬ 
duct  ivi  tv. 


Audio  Sound  Reprotlucer 

Because  of  the  new  design  of  the, 
V’ibraloc  Reproducer,  freedom  from  re¬ 
flection  distortion  is  j»rovided  and  other 
acoustical  troubles  are  eliminated. 
Added  features  of  Model  5  are:  Driver; 
PM  dynamic  heavy  magnetic;  voice 
coil  impedance,  approximately  :i  ohms; 
power  ratings,  5  watts  normal  and  8 
watts  peak;  frequency,  approximately 
90  to  6000  cycles;  size  is  8x8x4  in. 
with  a  triangular  back.  A  leaflet  on 
other  products  is  available  from  Vibra- 
loc  Mfg.  Co.,  1273  Mission  St.,  San 
b  rancisco.  Cal. 


JAMES  G3,BIDDLE  CO 


ELECTRICAL 


RCA  OscilloKfaph, 
Stock  No.  15  1, 
$.59.95  net.  Also 
available  for  2  5  cy¬ 
cle  operation  as 
stock  No.  151-A, 
$44.95. 


Pniladc.ij>mia.  Pa. 


1211-1$  Arcm  Stkeet 


Specifications 

RADIOTRONS— 1  RCA-913, 1  RCA- 
885,2  RCA-6C6, 1  RCA-80,1  otal  5 

SENSITIVITY — 1.75  volts  (RMS)  for 
full  scale  deflection 

AMPLIFIER  — Flat  20  —  15,000  cy¬ 
cles,  gain  50 

TIMING  AXIS— 30  10,000  cycles 

POWER  SUPPLY—  1 10  volts  50-60 
cycles 

INPUT  POWER- 30  watts 

DIMENSIONS-Length  1 3?r,Height 
9^4*,  Depth  7^4'.  Weight  l4‘j  lbs. 

FINISH — Gray  wrinkle  lacquer  with 
nickel  trimming.  Reversed  etched 
nickel-silver  panel,  snap  handle  and 
large  soft  rubber  feet. 

Write  to  Dept.  E  for  further  infor¬ 
mation  about  this  and  other  out¬ 
standing  RCA  Test  equipment. 


Try  one  uithout  charge,  in  your  own  uay,  on 
your  own  particular  work.  Made  of  Hervilium 
(Copper — yet  spring  qualities  comp.irable  to  best 
!>rade  spring  steel.  These  properties  make  this  new 
LITTFI.FUSF  Clip  better  for  any  work:  High 
fatigue  resistance,  high  tensile  strength,  high  mod¬ 
ulus  of  elasticity,  high  corrosion  resistance.  Con¬ 
ductivity  greater  than  phosphor  bronze,  hence  less 
heat  l<<ss.  Offers  less  contact  resistance.  Test  this 
clip — you’ll  find  it  will  give  better  results,  than 
you  ever  received  from  any  fuse  clip. 


LITTELFUSE  INC. 

4248  Lincoln  Ave.  Chicago,  III. 


RCA  presents  the  Magic  Key  every  Sunday,  2  to  .? 
P.  M.,  E.  S.  T.,  on  the  NBC  Blue  Network. 


I*lea.s(‘  send  n.'w  I.lttelfuse  l!-('  Kiis 
for  lestinit.  Tliere  is  no  otillKatlon. 


Size) 


Company 


Address 
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M(tl>KL  AT-12  is  a  low  priced  pickup 
introduced  by  Audak  Co.,  500  5th  .4ve., 
New  York  City,  for  records  up  to  12 
in.  Streamlined  offset  head,  response 


to  over  0000  cycles,  new  needle  >ruide, 
new  non-resonant  arm,  j)recisio!i  ball-  | 
bearings,  200-500  ohms  or  high  impe¬ 
dance,  descrilx's  this  model.  j 

.A|)I»KI)  TO  PKOKES.SIO.NAL  amplitiers  of 
Universal  Microphone  C(t.,  Inglewood, 
('al.,  this  new  panel  (containing  a  pre¬ 
amplifier  and  two-channel  mixer)  per¬ 
mits  improvement  in  recording  over  the 
original  sound  source  or  incoming  pro¬ 
gram.  One  input  of  l.SO  db  gain  pro¬ 
vides  for  all  low  level  high  impedanc? 
microphones,  and  one  input  of  Ihl  db 
gain  provides  for  phonograph  pickup. 
The  eijualizing  gain  circuit  (added  a 
few  months  ago)  permits  an  IS  db  in¬ 
crease  in  either  the  bass  or  tbe  hf  end 
of  the  range,  or  l)oth  at  the  same  time. 

Kohot  Motor 

.\  Mfl.Tl-sHAFTFj)  MOTOR  having  the 
characteristics  of  variable  sj)eed  pro¬ 
viding  cyclic  starting  and  .stopping  at 
12  or  less  positions  in  .'IfiO'’  of  rotation. 
The  machine  can  be  arranged  to  stop  at 
each  point  for  a  period  of  from  5  to  60 
seconds.  This  unit  consists  of  a  small 
I  rpm  motor  and  contact  disc  with 
rotor  which  starts  rotating  as  soon  as 
the  main  motor  stops.  This  device  de¬ 
veloped  by  Rowe  Radio  Research  Lab¬ 
oratory  Co.,  1103  Bryn  Mawr  Ave., 
Chicago,  is  useful  in  all  cyclic  opera¬ 
tions  such  as  testing  tone  and  volume 
controls,  dial  drives,  etc. 

(Crystal  Holder 

Crystals  with  V-cuts  and  holders  for 
frequencies  between  1715  and  10,000, 
250  kc  are  available  from  Aviation 
Radio  Section,  RCA  Mfg.  Co.,  Camden, 
N.  J.  Between  — 40®  C  and  +55®  C 
the  frequency  will  not  depart  from  the 
specified  frequency  by  more  than 
i0.015  per  cent. 

H iimhuekiiig  Transformers 

Two  SHIELDFJ)  TRANSFORMERS  for  Use  in 
low  level  input  circuits  where  hum 
pivkup  must  be  kept  to  a  minimum  has 
been  introduced  by  Kenyon  Trans¬ 
former  Co.,  Inc.,  840  Barry  St.,  New 
York  City. 


Filter  Set 

for  acoustic  and  vibration  testing 

38 

ELECTRICAL  FILTER 
COMBINATIONS 

Bnrui-itass 
High-fHtss 
and  Low-pass 

in  onr  [tor table  carrying  case 
only  701/'  .r  72>4"  ^ 

•  I  sed  xilh  sound  level  meter  for  frequency 
analysis  in  the  laboratory  and  for  routine 
production  tf'sting  in  the  plant. 

I’erinits  segregation  of  high  frequencies. 

U»H  frequencies  or  octave-width  hands  at  half- 
«>ctave  intervals  fr<»ni  .50  to  4000  cycles  per 
•econd.  ^  rite  for  full  details. 

Electrical  Research  Products  Inc. 

SUBSIDIARY  OF 
Western  Electric  {Company 

195  BROADWAY,  NEW  YORK 


RA-243  FILTER  SET 


l.abtiralory 
Acoii-tic  lii'triiiiieiil' 

• 

l*r<>dii<'ti<)n  Te>t 
F.qiiipinent 

• 

Tesiii)):  and  Coii'idtiii): 
.'siTV  ire- 


For  Hi-Galn  Amplifiers,  Ultra 
Short  Wave  Two-Way  Police 
Radias,  Aircraft  Radios,  etc. 
Six  years  of  successful  perform¬ 
ance. 

There  is  a  Carter  Genemotor 
for  every  requirement. 

Small  size— no  hash 
LIGHT  WEIGHT- reliable 

Write  fof  CofT>piete  Info^irtation 


Heavy  Duty,  Hi -Power  Genemotors 


CARTER  MOTOR  CO. 

1608  MILWAUKEE  AVE.  CHICAGO!  ILL. 
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WRITE  FOR^^SCi^PT^ 


'^TKaUF^^AM  0 


Heintz 


LTO^  CALIFO«NIA 

-=^-'  USA 


SOUTH 

SAN  FRANCISCO 


«*(» 

Hour; 


l*r«M*isioii  Resistors 


You  Take 
No  Chances 


To  HioviDK  FULL  protection  ajjainst  se¬ 
vere  atmospheric  conditions  in  indus¬ 
trial,  coastal,  marine  and  tropical  lo¬ 
cations,  and  to  insure  sustained  accu¬ 
racy  and  noise-free  i»erformance  in 
exacting  applications,  Ohmite  Mf^.  Co., 
1S.‘L">  Flournoy  St.,  Chicago,  Ill.,  makes 
available  a  commercial  .series  of  her¬ 
metically  ^lass-sealed  precision  resist¬ 
ors.  These  units  are  non-inductively 
pie-wound  on  porcelain  in  2,  4,  fi  and  8 


U.  S.  Court  of  Appeals  (Seventh 
Circuit)  decision  Auqust  1.  1938, 
declares 


•  The  QUALITY  iron  core,  (mown 
the  world  over.  High  PERME¬ 
ABILITY. 


•  Covered  by  United  States  and 
foreign  patents. 

#  Dependable  uniformity,  close  tol¬ 
erances,  physical  strength  and 
even  density  are  outstanding  fea¬ 
tures  for  cores  of  any  length. 

FERROCART 

(;(>KH>KATI(»  OF  AMEKICA 


sections  with  the  terminals  emerjriiiK 
throuph  vacuum-type  fjlass  seals.  One 
watt  ratinjr  is  K'o  accurate  (or  clo.ser 
tolerance  when  required).  Resistances 
range  from  0.1  ohm  to  2  megohms. 

Ohmitk  also  announces  a  complete 
line  of  hermetically-sealed  and  stand¬ 
ard  type  precision  resistors  for  volt¬ 
meter  multipliers,  etc. 


(Devoted  exclusively  to  enqmeermq  and 
production  oi  magnetic  iron  cores) 


Laboratories  and  Works 

Hastings-on-Hudson,  N.  Y.  U.  S.  A. 


PLUGS  — SOCKETS 

TERMINAL  PANELS,  ETC. 


NEW  CATALOG 

OF  “STRONGHOLD”  HARDWARE 

Saves  Time  &  Money 


I’.S.F..  presents  model  (  with  ihe>e 
oiilslandinp  improvements  o\er  the  widely 
accepted  earlier  mitdels.  eacli  contributing 
to  ease  of  operation  and  improved  func¬ 
tioning  of  tlie  electrical  circuits: 

•  All  controls  placeil  on  front  [lanel,  ar¬ 

ranged  so  that  controls  most  used  are 
most  accessible  •  Television-type  screen 
proportioned  rectangularly-  no  loss  in 
useful  screen  area— illusionary  distortion 
eliminated#l’attern  positioning  controls 
adjacent  to  screen.  Horizontal  or  vertical 
trace— simple  to  adjust  image  to  cali¬ 
brated  scale  for  . 

quantitative  meas-  ***'  . 

urement  •New  WjtKKjj/KffM 
sweep  oscillator 

allows  al- 
linear 

characteristic  over 
20,000  cps 
range  •  Cathode- 
can  be 
switched  direct  to 
for 

measurements 

•  Uses  newly  de- 

signed  amplifier  circuits  with  better  fre¬ 
quency  and  phase-delay  characteristics. 

LIGHT  WEIGHT^PORTABLE^A.C.  OPE8ATEO 

Write  today  for  literature  on  this  . 
and  other  U.S.E.  instruments. 

I  I^ITEII  KOI 

ENGINEERING  COMPANY 

MfRTs.  of  eAerironlc  equipmont  under 
A.T.&T.  and  Western  Electric  Patents 

2235  University  Ave.  Si.  Paul,  Minn. 


MANUFACTURERS 

★  fl ere  are 
Thousands  of 
Hard  to  Get 
Items.'  Com¬ 
plete  Plated 
Stocks  —  Im¬ 
mediate  Ship¬ 
ment! 


AH  your  hardware  from  one  source: 
Strews,  Nuts,  Rivets,  Washers, 

Terminals.  Spacers  —  everything  in 
fastening  devices  I  ★  Write  for  your 
free  copy  NOVX’  —  Send  us  Samples 
to  Match — Specials  are  our  Specialty. 

MANUFACTURERS  SCREW  A  SUPPlf 

2I3-A  West  Illinois  St.,  Chicago,  U.SA. 


HUNDREDS  OF  STANDARD  ITEMS 
OR  SPECIALS  TO  YOUR  BLUE¬ 
PRINTS. 

WRITE  FOR  BULLETINS. 

nOWAltD  B.  JOIKES 

2300  Wabansia  Avenne 
CHICAGO  ILL. 
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You  are  PAYING  for  these  finer  instruments 
.  .  .  why  not  HAVE  them? 


ALLIED  RECORDING  PRODUCTS  CO 

126  W.  46th  STREET  NEW  YORK.  N.  Y, 

•/  Cable:  ALLRECORD 


Oscillator.  Amplifier, 
Analysers 


General  Radio  Co.,  Cambridge,  Mass., 
announces  several  new  instruments: 

Type  7G0-A  sound  analyzer  is  for 
analyzing  the  noise  and  vibration  gen¬ 
erated  by  mechanical  and  electrical 
equipment.  It  consists  of  a  degenera¬ 
tive,  selective  amplifier  and  a  logarith¬ 
mic  vacuum-tube  voltmeter.  Response 
frequency  can  be  varied  between  25  and 
7500  cycles  by  means  of  a  rotary  dial 
and  a  set  of  push-button  switches.  Us¬ 
able  output  indications  can  be  obtained 
with  inputs  ranging  from  1  millivolt  to 
10  volts. 

Type  7.‘I6-.\  wave  analyzfui  features 
a  broadband  flat-top  filter  which  uses 
3  quartz  bars  operated  at  50  kc.  The 
pass  band  is  4  cycles  wide  at  the  top, 
and  the  response  is  down  15  db  at  5 
cycles.  Normal  input  impedance  is  1 
megohm.  A  100,000  ohm  potentiometer 
is  provided  as  an  alternate  input  sys¬ 
tem. 

Type  715-A.  1)-C  amplifier,  is  de¬ 
signed  mainly  for  use  with  graphic  re¬ 
corders  in  industrial  applications  for 
amplifying  to  usable  levels  small  d-c 
voltages  from  phototubes,  thermome¬ 
ters,  etc.  Four  ranges  are  provided, 
giving  an  output  of  5  ma  into  a  5000 
ohm  load  for  input  voltages  of  U.l,  0.2, 
0.5  and  1.0  volt,  respectively.  The  max¬ 
imum  gain  is  50,000  micromhos,  ex- 
pres.sed  as  a  transconductance.  It  is  a-c 
operated. 

Type  700-.\  wide-ranoe  beat-fre¬ 
quency  oscillator  delivers  a  substan¬ 
tially  constant  output  at  frequencies  be¬ 
tween  50  cycles  and  5  Me  and  can  be 
used  to  supply  a  test  voltage  for  meas¬ 
uring  the  transmission  characteristics 
of  wide-hand  system  such  as  television 
amplifiers  and  coaxial  cables;  or  a 
power  source  for  general  laboratory 
measurements;  and  for  modulating  sig¬ 
nal  generators.  The  frequency  range  is 
50  cycles  to  40  kc,  and  10  kc,  to  5  Me. 
Both  scales  are  direct-reading. 


Simpson  Panel  instruments  give  you  those  first  essentials  of  a 
permanently  accurate  instrument  —  bridge-type  construction 
with  soft  iron  pole  pieces.  And  they  give  you  this  finer,  more 
costly  construction  at  prices  no  higher  than  you  may  be  paying 
for  ordinary  construction. 

This  unprecedented  value  is  founded  on  the  experience  of 
Ray  R.  Simpson,  formerly  president  of  Jewell  Electric  Instrument 
Company,  and  a  staff  of  instru¬ 
ment-builders  who  have  been  | 
associated  with  him  for 


3"  Round.  Model 
2S-S  for  D.C.;  55-S 
for  A.C. 


Use  SIMPSON 
Testing  Instruments 


many 

years.  Long  experience  and  mod¬ 
ern  methods  have  combined  to 
make  highest  quality  at  moderate 
prices  a  reality. 

Write  lor  bulletin 

Ask  for  a  new  bulletin  describing 
ten  models  covering  a  wide  scope 
of  ranges  and  ty(>es.  These  finer 
instruments  are  also  the  basis  of 
the  advanced  line  of  Simpson  Test 
Equipment,  two  typical  models  of 
which  are  illustrated  opposite. 


3"  Rectangular. 
Model  27-8  for  D. 
C.;  57-S  for  A.C. 


•  There  is  a  Simpson  Testing 
Instrument  for  every  need. 
The  Model  202  "Roto  Ranger", 
Volt -Ohm  - Milliammeter  with 
twelve  independent, 
automatically  chang. 
r  ing  scales,  is  illus- 

trated  above.  Below 
XSl  is  shown  the  Model 

230  —  the  smallest 
pocket  type  A.C. 
and  D.C.  Volt-Ohm- 
Milliammeter. 

Model  230 

Ask  for  latest  bulletins 


Fan  shaped.  Model 
22-S  for  D  C.;  52-S 
for  A.C. 


SIMPSON  ELECTRIC  CO..  5212  Kinzie  St..  Chicago.  Ill. 


Recording  Head 

Some  of  the  features  of  Model  RC-1 
cutting  head  of  The  Brush  Development 
Co.,  3322  Perkins  Ave.,  Cleveland,  O. 
are:  High  fidelity  ±  3  db.  30-10,000  cps; 
no  change  in  quality  with  depth  of  cut; 
easily  adaptable  to  any  carriage;  and 
crystal  element  waterproofed,  hermet¬ 
ically  sealed  case.  Booklet  describes 
this  item  in  detail. 


Bakelite  Relay  Covers 

A  NEW  COVER  FOR  Ward  Leonard,  Mount 
Vernon,  N.  Y.,  midget  type  relay  is 
available  for  use  where  these  relays 
with  molded  base  are  mounted  on  a 
panel.  The  covers  are  of  modem  de¬ 
sign  in  molded  bakelite  and  are  held  in 
place  by  a  “snap  on”  fit  to  the  base, 
sufficiently  tight  to  resist  accidental 
loosing. 
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British  Patents 

P^lectron  Tubes 

Multiplier  Tubes.  No.  477,l>ir»,  I).  S. 
Locwe;  No.  •177,.‘I47,  Marconi.  No.  477,- 
345,  Marconi.  No.  47S,0()1,  Marconi. 
No.  478,153,  No.  478,2(52,  G.  K.  No. 
478,413,  Philip.s.  No.  478,42(5,  Zeitline. 
No.  478,(513,  G.  E.  Co.  .\o.  478,(541, 
Zeitline.  No.  478.813,  Marconi.  No. 
478,9(57,  Marconi.  No.  478,970,  Mar¬ 

coni.  No.  479,978,  M-O  Valve  Co.  No. 
480,263,  Baird.  No.  480-786,  Thomson- 
Hou.ston.  No.  481,020,  Thonison-Hous- 
ton.  No.  481,750,  G.  E.  Co.  No.  481,- 
99(5,  G.  E.  Co.  No.  482,026,  Farns¬ 
worth.  No.  482,454,  Ferranti.  No. 

483,575,  Marconi.  No.  483,58(5,  Mar¬ 

coni.  No.  484,078,  Marconi.  No.  484,- 
099,  Marconi.  No.  484,160,  Marconi  Co. 

Cathode  Kay  Tubes.  No.  477,874, 
Farnsworth.  No.  477,406,  Baird.  No. 
477,539,  Baird.  No.  4  77,6(58,  Tele- 
funken.  No.  478,083  and  478,095,  Fer¬ 
ranti.  No.  478,121,  Zeitline.  No.  478,- 
200,  Westin^house.  No.  478,260,  Fern- 
seh.  No.  478,410,  Zeiss  Ikon.  No. 
478,475,  Marconi.  No.  478,499,  Zeit¬ 


line.  No.  478,(566,  FernseK-  No.  478,- 
852,  Philips.  No.  478,971,  Marconi.  No. 
479,024,  Holman.  No.  479,064,  Thom- 
son-Hoaston.  Nos.  479,226  and  479,270, 
cold  cathode  tubes,  Compagnie  Fabrica- 
tii>n  des  Compteurs.  No.  479,318,  Farns¬ 
worth.  No.  479,356,  J.  W.  Strange. 
No.  479,420,  Thomson-Houston.  No. 
479,471,  Fernseh.  No.  479,750  and 
479,761,  Baird.  No.  479,961,  Gluh- 
lampen.  No.  480,073,  Farnsworth.  No. 


480,275,  Baird.  No.  480,672,  Loewe. 
No.  480,(591,  Baird.  No.  480,711,  Mar¬ 
coni.  No.  480,779,  Loewe.  No.  480,- 
859,  J.  Loeb.  No.  480,946,  L.  Klatzow. 
No.  480,948,  F.  H.  Nicoll.  No.  480,996, 
ERPI.  No.  481,094,  Thomson-Houston. 
No.  481,430,  Loewe.  No.  481,434,  Mar¬ 
coni.  No.  481,445,  Loewe.  No.  481,516, 
Baird.  No.  481, .549,  Standard  Tele¬ 
phones.  No.  481,556,  Philips,  No.  481,- 
563,  H.  G.  Lubszynski. 


LEACH  (LR)  relays 


ALWAYS  ON  THE  JOB  GIVING 

DEPENDABLE  OPERATION 

The  new  Leach  Impulse  Relays  make  possible 
many  new  developments  such  as  new  circuits,  new 
lock-out  schemes — alarm  systems  and  safety  devices. 
Operation  is  dependable,  absolutely  quiet,  and  fast 
.  .  .  time  required  to  shift  from  one  position  to  the 
other  is  approximately  1/60  second. 


LEACH  RELAY  COMPANY 

5915  Aniea  BMimrtf,  Lm  Aifiles,  CalK. 
IS  E.  2S1ti  St..  New  Yerk  City 


LEACH  RELAY  CO.,  5915  AVALON  BOULEVARD.  LOS  ANGELES,  CALIF. 

Please  send  me  your  new  catalog.  I  am  interested  in  . 

Name  . 

Company  . . 

Address  . 


relay. 


City 


"INSTANSOLDER" 

Patented  arc  type  solderinK  outfit  pro- 
vldea  Holdering  heat  in  lean  than  10  sec¬ 
onds  from  Cold.  Fastest,  ino.st  convenient 
tool  for  radiomen.  Write  for  bulletin. 

Col*  Radio  Works,  Caldwell,  N.  J. 

VACUUM  THERMOCOUPLES 

Separate  Heater  and  Contact  Typea, 
Mounted  and  Unmounted 

Ranges  from  1  Mllllamp  and  up 

Write  for  Bulletin  “A” 

American  Electrical  Sales  Co.,  Inc. 

65-67  E.  8th  St..  New  York.  N.  Y. 

V .%  4'  V  1  .>■  T  V  II K  .s  .%  :v  n 

K  1.  K  4  T  It  4»  .%  1  4'  II  K  V  1  4'  K  K 

Design.  Development,  Construction  to 
Hpei'ltications.  Let  us  develop  your  idea, 
tleigers.  magnetrons.  H-Ks.  tube  repairs. 

V.\4  1  TR4l.>f,  l.\4’. 

*50  Went  22  Ht.  New  York.  N’.  Y. 

MICROMETER 

FREQUENCY 

transmitferf, 

McTcK  ^ up  to  56  msgocyclof 

LAMPKIN  LABORATORIES 

BRADENTON.  FLORIDA 

€\  Find  v;hat  you  are  looking  forf€\ 
f  If  this  or  other  advertising  in  f 
•  this  issue  does  not  supply  the  • 
information  of  products  <it;anted 
vrite 

Electronics 

330  West  42nd  St.,  New  York  City 

Fi:\E  IIIIIBO!\5li 

of  TunRNten.  >1  olybdonum  and  | 
.Special  Alloya 

To  your  specificationo  i 

H.  I'ROSS  ' 

16  BKKKM.AN  ST.  NEW  YORK 

■aiHfactire  a  complete  liae  ef  equipmeot 

Spot  Welders,  electric,  from  Vi  to  500  KVA 
Transformers,  special  and  standard  types 
Incandescent  lamp  manufacturing  equipment 
Radio  Tubes,  ex-ray,  cathode  ray.  photo  cells 
Electronic  equipment,  vacuum  pumps,  etc. 

Tungsten  slugs,  rod  and  wire  manufacturing  equipment 
General  glass  working  machines  and  burners 
College  glass  working  units  for  students  and  laboratory 
ENGINEKRINO  COMPANY 
Avon  Ave.)  Newark.  New  Jersey 


PILOT  LIGHTS 


NEW  TYPE  No.  100 
1-inch  Jewel  Assembly 

U»#t  M 

•#  — Cmm  bt 

wiHi  tiwotb  m 
itwek.  —  Colon  o^tioool. 
Iitfomoiv  ^ct. 


Write  for  comploto  cotolofo* 


MANUFACTURED  RY 


ELECTRON  TUBE  PARTS  ! 


QUALITY  AH  Tuvet  EST.  18  YEARS 

Seal  Finish  Tungsten  Walds 
Tungar  Welds  Coil  Springs 
Filament  Hooks  Bases 

Spot  Welders  Caps 

Stem  Wire  Cutting  A  Forming  Machines 

“The  Engineering  Co."  of  Newark,  N.  J.,  Inc. 


Daniel  Kondakjitn,  Pret. 

59  Branford  Street_ Newark.  N. 


J. 


,  A'  CAESIUM  AZIDE 

it  A  Source  of  Purest  Metal 
it  Par  Research  6  Martufacturing 

Also  other  Caesium  Salts  and  Agidss  at 
the  alkaline  and  alkaline  earth  metals. 
SENSITIVE  PLATE  &  CHEMICAL  CO. 
432  Clay  Street  San  Franeitee 

J 
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Uiiidireotioiial  Mic'roplioiie 


An  instrument  combininj;  the  output 
of  non-directioiial  pressure  unit  with  a 
by-directional  ribbon  unit  with  a  ear- 
dioid  response  has  been  developed  by 
Western  Electric  Co.,  New  York  City. 
Complete  technical  data  with  response 
characteristics  are  piven  in  bulletin 
639-A. 


Koiitak  Unit 

String  instruments  can  now  be  played 
through  home  radio  sets  with  the  new 
Amperite  Co.,  (501  Broadway,  New 


[  York  City),  hifjh  output  Kontak  micro-  , 
I  phone,  which  is  connected  to  the  phono  | 
input  or  directly  across  the  volume  con¬ 
trol.  Its  output  level  is  — 30  db.  The 
I  response  is  flat  over  the  ranpre  of  60 
to  8000  cps  ±  1  db. 

With  an  adjustable  clamp,  the  Kon- 
i  tak  unit  can  be  attached  to  any  instru¬ 
ment  in  any  way.  It  is  adjustable  from 
iV  to  IJ  in.  and  will  therefore  take 
any  bridpre  from  a  small  mandolin  to 
that  of  a  double  bass. 


Professional 

Services 

on  Ai>i>li(  nlion ) 


ELECTRICAL  TESTING 
LABORATORIES 

(’hararteristirs 
of  Vamum  Tuttr$ 

Tests  of  plmlo  cells,  glow  lamps,  crater  lamps. 
Tests  of  elwtroiilc  aiul  optical  devices. 
Kaxt  Ktui  Avenue  aiul  79lh  Street 
New  Yt»rk.  N.  Y. 
l*hone:  HutterfleM  R  ur>on 


INTERNATIONAL  ELECTRONICS.  INC. 

AMERICAN  CONSULTING  ENGINEERS  TO 
FOREIGN  MANUFACTURERS 

n«».ii!ns  .  .siwlllrallims 

FacctnilMirs  .  Tiilx's  .  |{^■.si^tl>rs 

Traiisiiiilters  .  Uwclvers 

630  Fifth  Avenue  New  York.  N.  Y. 

Cable: — Interengin.  New  York 


HAROLD  j.  McCreary 

Mom.  A.I.E.E.  *  W.S.K 

Consulting  Enginoer 

Iaib<irator>'  Facilities 
Research  Faectronii-s 

Devoliipment  Television 

ilesian  Radio 

F'actor>-  I’ractise  Railroad  Simialiim 
I’atent  Studies  Telephony 

IDS  W.  Adame  St.  Phone  ST  Ate  4003  Chicago.  III. 


RADIO  DEVELOFMEKT  t  RESEARCH  CORF. 

co.nsiutants  and  i>f;si(ixers 

InehidinK 

Aniidiflers-  Antennas-  Traasmitlers 
Receivers—  I.ab<>rat(>ry  F^tuiiiment 
Sixs'ial  (siunnnent  draiinKsI  anil  ciinstnietiKl 
145  West  4.">lh  Street.  New  York.  N.  Y. 

Tel.  RRyant  0  6898 


INSUROK 

THE  SUPERIOR  PLASTIC 

SO  constant  and  searching  is 
the  guardianship  of  quality, 
workmanship  and  precision  in 
the  Richardson  plants,  that  every 
part  or  finished  product  must 
measure  up  to  the  most  exacting 
standards  of  excellence.  Watch¬ 
ful,  alert,  comprehensive  inspec¬ 
tion  throughout  manufacture, 
packing  and  shipping  insure 
superiority  of  all  INSUROK 
molded  and  laminated  parts. 
That,  in  turn,  means  manufactur¬ 
ing  economies  for  you,  increased 
value  to  your  products. 


7/f.  RICHARDSON  COMPANY 


Resistors 

Developed  for  high  voltapre  protective 
and  measuring  devices,  these  new  re- 
j  sistors,  employ  the  metallized  type  ele¬ 
ment  in  a  spiral  formation  on  a  ceramic 
base.  International  Resistance  Co., 
Philadelphia,  Pa.,  announce  that  they 
are  available  in  five  standard  sizes, 
ranging  from  the  Type  MVG,  4  watts,  ; 
5,000  volts  d-c,  6,000  ohms  minimum, 

'  150  megohms  maximum  on  a  tube  2  x 
;  A  in.,  to  the  Type  MVR  resistor  which 
;  has  a  power  rating  of  150  watts;  a  d-c  i 
voltage  rating  of  100,000  and  a  mini- 1 
I  mum  ohms  rating  of  0.35  megohms 
I  with  a  maximum  of  10,000  megohms.  ; 

'  IRC  PRECISION  WIRE  wound  resistors  in 
i  accuracies  up  to  1/10  of  1%,  employ  i 
an  ingenious  method  for  bringing  | 
both  terminals  out  at  one  end.  This  ' 
method  eliminates  the  problems  of  ] 
shorting  and  breakage.  The  base 
wherein  the  resistance  wire  is  returned 
internally  through  the  ceramic  is  com-  j 
pletely  insulated  and  protected  from ' 
windings  or  mounting  bolts  and  end 
leads  of  the  resistance  wire  are  not 
exposed. 


ROWE  RADIO  RESEARCH  lABORAIORY  CO. 

DOMESTIC  SECTION 

Development  Engineers  of  Radio  Rerelver* 
Alllevi  Apparatus  and  Comivonents. 
De.slgners  and  t’oti-struetors  of  Sperlal  Ejuipment. 

Complete  Ijaboratory  Facilities. 

1103  Bryn  Mawr  Ave.  Cbicago.  Illlnolt 

Telephones — Longbeach  3I63-3I64 


ROWE  RADIO  RESEARCH  lABOHAIORY  CO. 

FOREIGN  SECTION 

Engineering  Information  Specialists  and 
Consultants. 

Complete  Laboratory  at  Disposal  of  Clients. 
Current  Radio  Receiver  Character  .sties  Available. 
.Sales.  Patent  and  IJcense  .Negotiation 
Intennedlarle*. 

1103  Bryn  Mawr  Ave.  Chicago.  Illlnolt.  U.S.A. 
Cable  Address— RORADLAB  CHICAGO 


THE  SOLUTION  OF 
YOUR  PROBLEM 

in  the  field  of  Electronic  devices  may 
be  found  through  enlisting  the  services 
of  the  Consultants  whose  cards  appear 
on  this  page. 

This  is  a  highly  specialized  field  and 
specialists  are  therefore  better  able 
to  undertake  the  rapid  developments 
necessary  to  keep  in  step  with  modern 
manufacturing  progress. 
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CHECK 


Research  workers  interested  in  the 
development  of  new  electronic  de¬ 
vices  and  the  perfection  of  the  old 
will  find  the  manifold  characteris¬ 
tics  of  "dag"  colloidal  graphite 
industrially  valuable. 

Being  the  result  of  a  physico¬ 
chemical  process  of  subdivision 
and  dispersion,  "dag"  readily  pen¬ 
etrates  porous  bodies  and  imparts 
to  their  surface  qualities  of  lubri¬ 
city,  conductivity  and  coloring.  In 
addition,  "dag"  provides  tenacious 
films  having  heat,  corrosion  and 
chemical  resisting  properties. 
Being  an  electrical  conductor,  such 
graphite  layers  form  guard  rings, 
focusing  anodes,  contacts,  shield¬ 
ing  deposits,  electrodes  and  resis¬ 
tances.  "Dag"  is  also  low  in 
photo-electric  sensitivity,  is  radio 
inactive,  diamagnetic,  non-abrasive 
and  highly  pure. 

We  will  be  glad  to  cooperate  by 
supplying  samples  and  literature. 


□  PRODUCT  SAMPLES 

□  CATHODE  RAY  TUBES 

□  VACUUM  TUBES 

□  RESISTANCES 


RGHESOn 

COLLOIDS  CORPORATION 

PORT  HURON,  MICHIGAN 


Heat  Treatment.  Temperature  of 
surface  controls  shut-off  valve  via 
phototube.  F.  S.  Deneen.  No.  470,003. 

Sorting.  Phototube  apparatus  for 
sorting  or  measuring  objects  as  to 
dimensions.  J.  R.  Desch.  No.  480,042. 

Remote  Metering.  Meter  readings 
transmitted  as  pairs  of  impulses  so  that 
the  ratio  of  the  intervals  between  two 


impulses  or  a  pair  and  two  successive 
pairs  is  a  measure  of  the  reading. 
Reyrolle  &  Co.  No.  480,708. 


principles  fundamental  to  both  power 
and  communication  enfcineering;  for 
its  simplicity,  clarity,  and  avoidance  of 
unnecessary  mathematical  formula;  for 
its  up-to-date  explanations  of  modem 
engineerinfc  applications,  and  its  com¬ 
plete  accord  with  the  latest  standards 
of  the  AIEE  and  the  IRE. 

Macmillan,  60  5th  .4i  e.,  !Sete  York 


Fuel  Supply  Control.  Photoelectric  I 
means  of  controlling  fuel  to  oil  burner.  1 
Bailey  Meter  Co.  No.  480,730.  ' 

Spray  Control.  Dusting  or  spraying  I 
bricks  interrupt  light  beam.  Marston 
Valley  Brick  Co.  No.  480,922. 

Weighing  Control.  In  a  calculating 
device  combined  with  a  weighing  ma¬ 
chine  the  weight,  price  per  unit  weight, 
and  cost  are  automatically  printed  or 
registered  by  phototube.  D.  Broido. 
No.  481,798. 

Copying  System.  Production  of  en¬ 
gravings  by  scanning  by  phototube. 
J.  W.  Dalton.  No.  481,985. 

Burglar  Alarm.  Two  beams  of  light 
close  beside  each  other,  each  beam  fall¬ 
ing  on  a  .sensitive  surface,  etc.  L.  M. 
Ericsson.  No.  482,322. 

Delivery  .Apparatus.  Metal  sheets 
leaving  a  conveyor  are  formed  into  suc¬ 
cessive  groups  of  predetermined  num¬ 
ber  by  apparatus  responsive  to  the  pas¬ 
sage  of  the  separate  sheets.  Jones  & 
Laughlin  Steel  Co.  No.  482,498. 

Folding  Machine.  Phototube  control 
of  paper  folding  machine.  Hoe  &  Co. 
No.  482,578. 

Grinding  Machine  Control.  Lund. 
Ltd.  No.  482,741. 

Colorimeter.  Non-visual  trichro¬ 
matic  colorimeter.  G.  E.  Co.  No.  483,- 
505. 
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100  SIXTH  AVE.,  NEW  YORK,  N.  Y. 
CHICAGO.  ILL.  •  ATLANTA.  GA  •  BOSTON  MASS 
BRONX,  N  Y.  •  NEWARK.  N.  J.  •  JAMAICA.'L.  I 
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